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CERTAIN PHENYLACETIC ACIDS AND DERIVATIVES 
Summary of the Invention 

i 

The invention relates to phenylacetic acids and derivatives as defined herein which 
are particularly potent and selective cyclooxygenase-2 (COX-2) inhibitors, methods for 
preparation thereof, pharmaceutical compositions comprising said compounds, methods of 
selectively inhibiting COX-2 activity and of treating conditions in mammals which are 
responsive to COX-2 inhibition using said compounds or pharmaceutical compositions 
comprising said compounds of the invention. 

The present invention provides novel phenylacetic acids and derivatives which inhibit 
COX-2 without significantly inhibiting cyclooxygenase-1 (COX-i). The invention thus 
provides novel non-steroidal anti-inflammatory agents which are surprisingly free of 
undesirable side effects usually associated with the classical non-steroidal anti-inflammatory 
agents, such as gastrointestinal and renal side effects. 

The compounds of the present invention are thus particularly useful or may be 
metabolically converted to compounds which are particularly useful as selective COX-2 
inhibitors. They are thus particularly useful for the treatment of COX-2 dependent disorders 
in mammals, including inflammation, pyresis, pain, osteoarthritis, rheumatoid arthritis, 
dysmenorrhea, migraine headache, cancer (such as of the digestive tract, e.g., colon cancer 
and melanoma), neurodegenerative diseases (such as multiple sclerosis, Parkinson's 
disease and Alzheimer's disease), cardiovascular disorders (such as atherosclerosis, 
coronary artery disease and arteriosclerosis), osteoporosis, asthma, lupus and psoriasis 
while substantially eliminating undesirable gastrointestinal ulceration associated with 
conventional cyclooxygenase.(COX) inhibitors. The compounds of the invention are also UV 
absorbers, in particular, UV-B absorbers, and are useful for blocking or absorbing UV 
radiation, for instance, for the treatment and prevention of sunburn, e.g., in suntan products. 

Ocular applications of the compounds of the invention include the treatment of ocular 
inflammation, of ocular pain including pain associated with ocular surgery, such as PRK or 
cataract surgery, of ocular allergy, of photophobia of various etiology, of elevated intraocular 
pressure (in glaucoma) by inhibiting the production of trabecular meshwork inducible 
glucocorticoid response protein and of dry eye disease. 



The compounds of the present invention are useful f or the tre atment of neoplasia 
particularly neoplasia that produce prostaglandins or express COX, including both benign 
and cancerous tumors, growths and polyps, in particular, epithelium cell-derived neoplasia. 
Compounds of the present invention are, in particular, useful for the treatment of liver, 
bladder, pancreatic, ovarian, prostate, cervical, lung and breast cancer and, especially 
gastrointestinal cancer, e.g., cancer of the colon, and skin cancer, e.g., squamous cell or 
basal cell cancers and melanoma, as indicated above. 

The term "treatment 1 ' as used herein is to be understood as including both 
therapeutic and prophylactic modes of therapy, e.g., in relation to the treatment of neoplasia, 
therapy to prevent the onset of clinically or pre-clinicatly evident neoplasia, or for the 
prevention of initiation of malignant cells or to arrest or reverse the progression of 
pre-malignant to malignant cells, as well as the prevention or inhibition of neoplasia growth 
or metastasis. In this context, the present invention is, in particular, to be understood as 
embracing the use of compounds of the present invention to inhibit or prevent development 
of skin cancer, e.g., squamous or basal cell carcinoma consequential to UV light exposure, 
e.g., resulting from chronic exposure to the sun. 

Detailed Description of the Invention 

The invention relates to compounds of formula (I) 

CHXOOH 



(I) 



wherein 

R is hydrogen, lower alkyl, (C 3 -C 6 )cycloalkyl, hydroxy, halo, lower alkoxy, 

trifluoromethoxy, trifluoromethyl or cyano; and 
A is biaryl, optionally substituted p-naphthyl, bicyclic heterocyclic aryl, (C 3 -C 6 )cycloalkyl- 
monocyclic carbocyclic aryl, or (C 5 or C 6 )cycloalkane fused-monocyclic carbocyclic 
aryl; provided that when bicyclic heterocyclic aryl is optionally substituted quinolinyl, 
R is located at the 5-position and R does not represent hydrogen; 
pharmaceutical^ acceptable salts thereof; and pharmaceutical^ acceptable esters thereof. 
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Particular embodiments of the invention relate to compounds of formula (I), wherein 
A represents optionally substituted (3-naphthyl, optionally substituted quiholinyl, optionally 
substituted isoquinolinyl, optionally substituted 5,6,7, 8-tetrahydronaphthyl, optionally 
substituted indanyl, optionally substituted biphenylyl, optionally substituted (C 3 -C 6 )cycloalkyl- 
phenyl or optionally substituted monocyclic heteroaryl-phenyl; provided that when A is 
optionally substituted quinolinyl, R is located at the 5-position and R does not represent 
hydrogen; pharmaceutical^ acceptable salts thereof; and pharmaceutical^ acceptable 
esters thereof. 

A more particular embodiment of the invention relates to the compounds of 
formula (II) 



R is hydrogen, (d-C<)alkyl, (C 3 -C 6 )cycloalkyl, halo, lower alkoxy, trifluoromethoxy, cyano 

or trifluoromethyl; 
Rt is hydrogen, fluoro, chloro, (d or C 2 )alkyl or trifluoromethyl; 
R 2 is hydrogen, fluoro, chloro, (d or C 2 )alkyl or trifluoromethyl; 
R 3 is optionally substituted phenyl or (C 3 -C 6 )cycloalkyl; 
R A is hydrogen, halo, lower alkyl or trifluoromethyl; and 
R 6 is halo, lower alkyl or trifluoromethyl; 
pharmaceutical^ acceptable salts thereof; and pharmaceutically acceptable esters thereof. 

In the compounds of formulae (I) and (II), R is preferably located at the 5-position of 
the ring. 




wherein 



A more particular embodiment of the invention relates to the compounds of 
formula (II), wherein 

R is hydrogen, methyl, ethyl, propyl, methoxy, chloro, fluoro, cyclopropyl, cyano, 

trifluoromethoxy or trifluoromethyl; 
R 1f R 2 , R 4 and R 5 are, independently, hydrogen, fluoro or chloro; and 
R 3 is (C 3 -C 6 )cycloalkyl, phenyl, or phenyl mono- or poly-substituted independently by 
lower alkyl, fluoro, chloro, lower alkoxy or (d or C 2 )alkylenedioxy; 
pharmaceutical^ acceptable salts thereof; and pharmaceutical^ acceptable esters thereof. 

Another particular embodiment of the invention relates to the compounds of 
formula (III) 



R is hydrogen, (d-d)alkyl, (C s -C 6 )cycloalkyl, halo, lower alkoxy, trifluoromethoxy or 

trifluoromethyl; 
R 1 is hydrogen, chloro, fluoro or (d or C 2 )alkyl; 
R 2 is hydrogen or fluoro; 

R 3 is cyclopropyl, cyclohexyl, phenyl or phenyl substituted by chloro, fluoro, lower alkoxy, 

lower alkyl or lower alkylenedioxy; 
R A is hydrogen, (d or C 2 )alkyl, trifluoromethyl or fluoro; and 
R 6 is fluoro, chloro or (d or C 2 )alkyl; 
pharmaceutically acceptable salts thereof; and pharmaceutical^ acceptable esters thereof. 

A further embodiment of the invention relates to the compounds of formula (III), 
wherein 

R is (d or d)-alkyl, cyclopropyl, chloro or fluoro; 
R, is chloro or fluoro; 
R 2 is hydrogen or fluoro; 




(IN) 



wherein 
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R 3 is cyclopropyl; 

R 4 is hydrogen, methyl or fluoro; and" 
R 6 is fluoro; 

pharmaceutical^ acceptable salts thereof; and pharmaceutical^ acceptable esters thereof. 

Another aspect of the invention relates to the compounds of formula (I), wherein 
R is hydrogen, lower alkyl, (C 2 -C 6 )cyctoalkyl, halo, lower alkoxy, trifluoromethoxy, cyano 

or trifluoromethyl; and 
A is selected from radicals (a) and (b) 




wherein in radical (a) 
n is 1 or 2; and 

R 6 -R e are, independently, hydrogen, lower alkyl, lower alkoxy, trifluoromethyl or halo; 
and 

wherein in radical (b) 

R 9 -R 12 are, independently, hydrogen, lower alkyl, lower alkoxy, trifluoromethyl or 
halo; and 

X and Y are CH, or one of the X and Y is N and the other is CH; provided that when 
X is N and Y is CH, R is located at the 5-position and R does not represent 
hydrogen; 

pharmaceutical^ acceptable salts thereof; and pharmaceutical^ acceptable esters thereof. 



Preferably at least one of R 6 and R 7 and one of R e and R 10 is lower alkyl or halo. 



A further embo diment of the in vention relates to the co mpounds of formu la (Ilia) 



R CH 2 COOH 




10 



(Ilia) 



4-r 



11 



wherein 



R is lower alkyl, cyclopropyl, chloro or fluoro; 
Rc is hydrogen, chloro or fluoro; 
R n0 is chloro or fluoro; and 
Rn is fluoro, chloro or lower alkoxy; 
pharmaceutical^/ acceptable salts thereof; and pharmaceutical^ acceptable esters thereof. 

In the above compounds of formulae (I), (II), (III) and (Ilia), R is preferably methyl, 
ethyl, propyl, cyclopropyl, chloro or fluoro, most preferably chloro, methyl, ethyl or 
cyclopropyl. 

The general definitions used herein have the following meaning within the scope of 
the present invention, unless otherwise indicated. 

Pharmaceutical^ acceptable esters are preferably prodrug ester derivatives which 
are convertible by solvolysis or under physiological conditions to the free carboxylic acids of, 
eg., formula (I). Such esters are, e.g., lower alkyl esters, such as the methyl or ethyl ester; 
carboxy-lower alkyl esters, such as the carboxymethyl ester; nitrooxy- or nitrosooxy-lower 
alkyl esters, such as the 4-nitrooxybutyl or 4-nitrosooxybutyl ester; and the like. Preferred 
are the phenylacetoxyacetic acids of formula (la) 



wherein R and A have meaning as defined hereinabove for compounds of formulae (l)-(Mla); 
and pharmaceutical^ acceptable salts thereof. 




NH 



A 
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Pharmaceutical^ acceptable salts represent metal salts, such as alkaline metal salts, 
e.g., sodium, potassium, magnesium or calcium salts; as well as ammonium salts, which are 
formed, e.g., with ammonia and mono- or di-alkylamines, such as diethylammonium salts; 
and with amino acids, such as arginine and histidine salts. 

A lower alkyl group contains up to 7 carbon atoms, preferably 1-4 carbon atoms, may 
be straight chain or branched and represents, e.g., methyl, ethyl, propyl, butyl, isopropyl, 
isobutyl and the like, preferably methyl or ethyl. Lower alkoxy is methoxy, ethoxy and the 
like. 

Biaryl represents two directly linked monocyclic aryl groups which are, independently, 
either carbocyclic or heterocyclic. 

Biaryl for A in formula (I) represents monocyclic carbocyclic aryl substituted by 
monocyclic carbocyclic aryl, namely biphenylyl, advantageously 3- or 4-biphenylyl, optionally 
substituted on one or both benzene rings by one or more of lower alkyl, halo, hydroxy, lower 
alkoxy, trifluoromethoxy, lower alkylenedioxy and trifluoromethyl, advantageously wherein at 
least one substituent is ortho to the point of attachment of the NH group. Biaryl also 
represents monocyclic carbocyclic aryl substituted by heterocyclic aryl, namely optionally 
substituted monocyclic heteroarylphenyl, preferably phenyl substituted in the meta- or para- 
position by, e.g., thiazolyl, thienyl, pyridyl, oxazolyl or isoxazolyl, in which one or both rings 
are optionally substituted by one or more substituents selected from lower alkyl, halo and 
trifluoromethyl, advantageously at least one said substituent being ortho to the point of 
attachment of the NH group. 

Optionally substituted p-naphthyl for A in formula (I) is 2-naphthyl optionally 
substituted at one or both of the 1- and 3-positions by, e.g., halo, lower alkyl or 
trifluoromethyl, and further optionally substituted, e.g., at the 6- or 7-position by halo, lower 
alkyl, lower alkoxy, trifluoromethyl or hydroxy. 

Bicyclic heterocyclic aryl for A in formula (I) is preferably quinolinyl or isoquinolinyl, 
each being optionally substituted by one or more substituents independently selected from, 
e.g., halo, lower alkyl, lower alkoxy and trifluoromethyl. 

(C 3 -C 6 )Cycloalkyl-monocyclic carbocyclic aryl for A in formula (I) is phenyl 
substituted, preferably in the para or meta position, by (C 3 -C 6 )cycloalkyl, e.g., cyclopropyl, 
cyclopentyl or cyclohexyl, and further optionally substituted by one or more (1-4) substituents 



independently selected from, e.g., lower alkyl, lower alkoxy, halo and trifluoromethyl, 
advantageously at least onesaid substituenf being ortho to the point of attachments the~NH 
group. 

(C 3 -C 6 )Cycloalkyl is cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl, preferably 
cyclopropyl. 

(C 5 or C 6 )Cycloalkane fused-monocarbocyclic aryl for A in formula (I) is preferably 
5-indanyl or (2- or 3-)5,6,7,8-tetrahydronaphthyl, each being optionally substituted on the 
benzene ring thereof by one or more substituents independently selected from, e.g., halo, 
lower alkyl, lower alkoxy and trifluoromethyl. 

Monocyclic carbocyclic aryl is optionally substituted phenyl, e.g., phenyl or phenyl 
substituted by 1-5 substituents independently selected from, e.g., lower alkyl, halo, 
trifluoromethyl and lower alkoxy. 

Monocyclic heteroaryl is 5- or 6-membered heteroaryl, which contains 1 or 2 
heteroatoms selected from oxygen, nitrogen and sulfur, and represents preferably thiazolyl, 
thienyl, pyridyl, pyrimidinyl, oxazolyl or isoxazolyl optionally substituted by, e.g., lower alkyl 
or halo. 

Halo is preferably chloro, bromo or fluoro, advantageously chloro or fluoro. 

Optionally substituted quinolinyl is quinolinyl or quinolinyl substituted by, e.g., lower 
alkyl, halo, lower alkoxy or trifluoromethyl. 

Optionally substituted isoquinolinyl is isoquinolinyl or isoquinolinyl substituted by, 
e.g., lower alkyl, halo, lower alkoxy or trifluoromethyl. 

Optionally substituted 5,6,7, 8-tetrahydronaphthyl is 5,6,7,8-tetrahydronaphthyl or 
5,6,7, 8-tetrahydronaphthyl substituted on the phenyl ring by, e.g., lower alkyl, halo, lower 
alkoxy or trifluoromethyl. 

Optionally substituted indanyl is indanyl or indanyl substituted on the phenyl ring by, 
e.g., lower alkyl, halo, lower alkoxy or trifluoromethyl. 



Optionally substitut_edbiphenyjylis preferably 3- or 4-biphenylyl or 3- or4=biphenylyl 
substituted on one or both benzene rings by one or more substituents independently 
selected from, e.g., lower alkyl, lower alkoxy, halo and trifluoromethyl. 

Optionally substituted (C 3 -C 6 )cycloalkylphenyl is phenyl substituted by, e.g.. 
cyclopropyl cyclopentyl or cyclohexyl, advantageously in the para position, in which the 
phenyl ring is further optionally substituted by 1-4 substituents independently selected from, 
e.g., lower alkyl, halo, lower alkoxy and trifluoromethyl. 

The compounds of the invention are useful as selective COX-2 inhibitors or as 
prodrugs thereof. The selective COX-2 inhibitors and prodrugs thereof of the invention are 
particularly useful for the treatment of, e.g., inflammation, pyresis, pain, osteoarthritis, 
dysmenorrhea, rheumatoid arthritis and other conditions responsive to the inh.b.t.on of 
COX-2 and are typically substantially free of undesirable gastrointestinal s.de effects 
associated with conventional non-steroidal anti-inflammatory agents. 

The above-cited properties are demonstrable in vitro and in vivo tests using 
advantageously mammals, e.g., rats, mice, dogs, monkeys and isolated cells or enzyme 
preparations of human and non-human origin. Said compounds can be applied in vitro .n the 
form of solutions, e.g., aqueous solutions, and in vivo advantageously orally, top.ca.ly or 
parenteral*, e.g.. intravenously. The dosage in vitro may range from about 10" -10" molar 
concentrations. The dosage in vivo may range, depending on the route of administrate, 
between about 1 mg/kg and 100 mg/kg. 

The biological properties can be demonstrated in tests well-known in the art, e.g.. as 
described in U.S. Patent No. 6,291,523, and as described herein. 

COX-2 inhibition is determined in an enzymatic in vitro assay using a commercially 
available kit (Cayman Chemical Company). 

The test compound (stock solution in DMSO diluted with buffer to various 
concentrations) is pre-incubated with 30-50 units of purified recombinant human COX-2 and 
hemactin (1 uM) for 30 minutes at 25X. followed by incubation with 100 uM arach.don.c 
acid and the colorimetric substrate TMPD (N.W.W, /S/'-tetramethyl-p-phenylenediam.ne) for 
5-7 minutes at 25X, followed by colorimetric detection of oxidized TMPD at 590 nm. The 
COX-2 activity in the presence of test compound is compared to COX-2 activity for control 
without test compound. 
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COX inhibition * - — posing — assays for 
COX-1 and COX-2. 

, , „in 0 COX inhibitor, are well-known in the art and based on the 
Cellular assays for testing COX nhib ^ |n 

(act that the COX enzyme (prostaglandin H synthase « ^ , eaction: cox , 

p.ostagiandin synthesis - "l ced in ,esponse to various 

. of thP enzvme whereas CUA-^ is inuu^ 

is a constitutive form of tne enzyme 

growth factors and cytokines. 

In mo COX-1 and COX. inh-on is d.ern^r £ the -^^J^ 
t0 aS sess the in Wtro ^^^^^ EBNA celts tha, have 
immunoassay (Cayman PGE, Kit). The , econl binant human COX-1 or 

recombinant human COX-2, respecu y compoU nd dilutions for 

the essay is performed. Both ^ZZ^ ^ exlgencus substrate. The 

n7°r then arach dome acia v i h ,v| / . . 

30 minutes at 37 C, tnen ai nrn riuction of PGE 2 is measured by 

supernatant is harvested 15 minufes fate, „ „ concent ,a,ions in 

immunoassay. Par ,C» defermrnafio - a e * ^ 
single,, dup.ioate o, guadruplicare ,epl,c.es a each ^ 
30 pM). The mean inhibition o, PGE, (compa ed n no 

I" rn^ir loared to assess select for inhibition o, CO,, 

, ., cox 1 and COX-2 inhibirion is also determined in human whole biood where 
In vitro COX-1 ana cua expression is induced in 

COX-1 is constitutive* expressed in piatelets and COX exp ^ ^ ^ 

mononuctea, cells by treatment with lipopolys cch d UPS < ^ ^ 

sut ,o 9 a,e indicator of COX- act y ^ ^ ^ c0 d , of 

surrogate for COX-2 activity). concentration range from 

one hour before stimu.ation. Compounds are measu , e inhibilion „ 

0, nM ,o 300 pM using hal, ^'^"^TZ*. and the blood incubated for 

;r 9 rr:i:^ 

in _ 



serum are measured using a chemiluminese nce enzyme immun oassay from Assay Designs 
Inc (Ann Arbor, MlT^e levels" of prostaglandin in each sample are normalized to the 
percent inhibition caused by each concentration of the test compound. The percent 
inhibition data for each donor is pooled and fitted to a 4-parameter logistic function us.ng a 
regression. 

IC 60 values for compounds of formula (I) in the COX-2 inhibition assays are as low as 
about 0 010 M M. Preferred are compounds for which the ratio of IC 60 values for COX-1 and 
COX-2 inhibition is above 50, advantageously in the range of about 100-1000 or higher. 

The inhibition of prostaglandin^, production produced by COX-2 is determined 
in vivo in the ^polysaccharide (LPS)-challenged subcutaneous air pouch model in the rat. 
See Advances in Inflammation Research, Raven Press (1986); J. Med. Chem., Vol. 39, 
p. 1846 (1996); J. Pathol., Vol. 141, pp. 483-495; and J. Pathol., Vol. 134, pp. 147-156. 

Female Lewis rats are anesthetized and then dorsal air pouches are prepared by 
subcutaneous injection of 10 mL of air through a sterile 0.45 micron syringe-adapted filter. 
Six or 7 days after preparation, the air pouches are injected with LPS (5 pg per pouch) 
suspended in sterile phosphate buffered saline. Compounds for evaluation are admin,stered 
by gavage one hour prior to or two or more hours after LPS challenge. The pouch contents 
are harvested five hours after LPS chal.enge and PGE 2 levels present in the pouch fluids are 
measured by enzyme immunoassay. Illustrative of the invention, the compound of Example 
4(j) inhibits PGE 2 formation by about 50% at 1 mg/kg p.o. 

The in vivo inhibition of thromboxane B 2 (TXB 2 ) produced by COX-1 is measured 
ex vivo in the serum of rats after oral administration of compound. 

Briefly male Sprague Dawley rats are fasted overnight, administered compound in 
fortified cornstarch vehicle by gavage and sacrificed by carbon dioxide inhalation 30 minutes 
to eight hours later. Blood is collected by cardiac puncture into tubes without anti-coagulant, 
allowed to clot and serum is separated by centrifugation. Serum is stored frozen for later 
analysis of TXB 2 by radioimmunoassay. Each experiment contains the following groups (5-6 
rats per group): vehicle control and test compounds, either at different doses or Offerer* 
time points. TXB 2 data is expressed as a percentage of the levels measured in the veh.cle 
control group. 
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Anti-inflammatory activity is determined using the carrageenan -induced ra t paw 
edema assay following a modification of the procedure of Offerness et al., described in: 
Nonsteroidal Antiinflammatory Drugs, Lombardino, Ed., John Wiley & Sons, pp. 1 16-128 
(1986). 

Sprague Dawley rats (200-225 g) are fasted overnight, then orally dosed with the 
compound suspended in a fortified cornstarch solution. After one hour, a 0.1 mL volume of 
1% carrageenan in saline is injected into the sub-plantar region of the left hind paw which 
causes an inflammatory response. At three hours post-carrageenan, the rats are euthanized 
and both hind paws are cut off at the paw hair line and weighed on an electronic balance. 
The amount of edema in the inflamed paw is determined by subtracting the weight of the 
non-inflamed paw (right) from the weight of the inflamed paw (left). The percent inhibition by 
the compound is determined for each animal as the percent paw weight gained as compared 
to the control average. 

Illustrative of the invention, the compounds of Examples 4(b) and 4(j) inhibit 
carrageenan-induced edema at 30 mg/kg p.o. 

The gastric tolerability assay is used to assess gross ulceration in the rat, measured 
four hours after oral administration of the test compound. The test is carried out as follows: 

Male Sprague Dawley rats are fasted overnight, administered compound in fortified 
cornstarch vehicle by gavage and sacrificed by carbon dioxide inhalation four hours later. 
The stomachs are removed and gross gastric lesions counted and measured to g.ve the total 
lesion length per rat. Each experiment contains the following groups (5-6 rats per group): 
vehicle control, test compounds and diclofenac as a reference compound. 

Data are calculated as the mean number of ulcers in a group, the mean length of 
ulcers (mm) in the group and as the ulcer index (Ul). 

Ul = mean length of ulcers in a group x ulcer incidence 
where ulcer incidence is the fraction of animals in the group with lesions (100% incidence 
is 1). 

Illustrative of the invention, the compounds of Examples 4(b) and 40) are essentially 
free of any gastric ulcerogenic effect at 30 mg/kg p.o. 
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lnle£tina , toferabifify can be determined by measuring .he effect on in«es.iha,_ 
permeabiiity. Lack o. increase in permeability * indicative o. intestine, ,ole,ab„„y. 

The method used is a modification of a procedure by Davies e. a,., Pnarm. Res 
Voi 11 PP 1652-1666 ,1994, and is based on the tact that excretion of oraiiy adm,n,s,e,ed 

Cr-EDTA marker o, smai, intestina, permeability, is increased by NSAiDs. Groups o, 
ma e S Jaoue Dawley rats (.12 per group) are administered a singie, ora, dose o. test 
Impl d or vehicie by gastric intubation, immediate, toiiowing compound dose, each ra, 
^ministered 51 Cr-EDTA (6 pCi pe, -a.) by gastric intubation. The rats are placed ,n 

24 . h our period. Twenty-four hours after adm,n,s„a„on of Cr-EDTA he 

To ouantify compound effect on intestinal permeability, the excreted Cr-EDTA measure 

To quanhfy Ied (0 the exc , ete d Cr-EDTA measured ,n the 

'Te'oTve r,Sd Reiative permeability is determined by cafculating fhe activity 
"pre:, In e at uL -p, as . percent o, the administered dose affer conecting for 
background radiation. 

The ana.gesic activity of the compounds of the invention is determined using the 
well-known Randall-Selitto assay. 

The Randa.l-Se.itto paw pressure assay measures anti-nociceotion (analgesic 

starch vehicle orally. 

G , ou ps o, 10 male ^^^^Z^ ~ 

T:r;:r:r , rrr xi^e - « - - - 7 r: 

lied a u-d as the control paw ,o, determination o, hyperaigesia. Vehicle «o rt „,ed 
mjecled and mUkq , e fe.ence compound (diclofenac is run ,n every 

is recorded as a response. 
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The data are analyzed by comparing the mean pain thread o^conn^r* 

used for a compound. 

The anti-anhritic enec, ot the compounds o, .he invention oan be determined in the 
well-known chronic adjuvant arthritis test in the rat. 

Ocuia, effects can be demonstrated in weit-Known ophthaimic assay method. 
• Simiiady anl-r activity can be demonstrated in we,Known anti-tumor anrma, tests. 

The compounds of formula (I) can be prepared, e.g., 
( a) by coupling a compound of formula (IV) or (IVa) 

/R 13 CH 2 COOR 8 

chxonT 



(IV) 

wherein 

Z is iodo or bromo; 
R has meaning as defined above; 



(IVa) 



B Ts" an a ali meta, cation or ,ower a,Ky,, preterabiy isopropy, and 
"I and t are lower alMi or R. and R, 4 ,o S e,her with the ni,ro 9 en atom represent 
piperidino, pyrrolidino or morpholino; 

with a compound of formula (V) 



A __MH 2 (V) 
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wherein A has meaning as defined above in the presence of copper and cuprous iodide 
to obtain a compound of formula (VI) or (Via) 

,R. 



or 



CH 2 COOR 8 



NH-A 



(VI) (Via) 

and hydrolyzing the resulting compound of formula (VI) or (Via) to a compound of 
formula (I); or 

(b) for compounds in which R represents alkyl, e.g., ethyl at the 5-position, by 
condensing a compound of formula (VII) 

. chxoK' 

R. 




(VII) 

NH-A 

wherein A has meaning as defined herein, with a reactive functional derivative of, e.g., 
acetic acid, such as acetyl chloride, in a Friedel-Crafts acylation to reaction to obtain a 
compound of the formula (VIII) 



CH, 




(VIII) 



NH -A 

wherein A has meaning as defined herein which is in turn hydrogenolyzed and then 
hydrolyzed to obtain a compound of formula (I), wherein R represents, e.g., ethyl; or 



(c) by hydrolyzing a lactam of formula (IX) 



'<XJ 



(IX) 



wherein R and A have meaning as defined herein, with a strong base; and in above 
processes, if desired, temporarily protecting any interfering reactive groups and then 
isolating the resulting compound of the invention; and, if desired, converting any resulting 



compound into_another compound of the invention; and/or if desired converting a free 
carboxylic acid of the invention into a pharmaceutical^ acceptable ester derivative 
thereof; and/or if desired, converting a resulting free acid into a salt or a resulting salt rnto 
the free acid or into another salt. 

In starting compounds and intermediates, which are converted to the compounds of 
the invention in a manner described herein, functional groups present, such as amino, 
hydroxy and carboxyl groups, are optionally protected by conventional protecting groups that 
are common in preparative organic chemistry. Protected hydroxy, amino and carboxyl 
groups are those that can be converted under mild conditions into free amino, hydroxy and 
carboxyl groups without other undesirable side reactions.taking place. For example, hydroxy 
protecting groups are preferably benzyl or substituted benzyl groups, or acyl groups, such as 
pivaloyl. 

The preparation of compounds of formulae (VI) and (Via) according to process (a) is 
carried out under conditions of a modified Ullmann condensation for the preparation of 
diarylamines, e.g., in the presence of copper powder and copper (I) iodide and potass.um 
carbonate, optionally in an inert high boiling solvent, such as nitrobenzene, toluene, xylene 
or N-methy.pyrro.idone, at elevated temperature, e.g.. in the range of 100-200X, preferably 
at reflux temperature, according to genera, methodology described by Nohara, Chem Abstr, 
Vol 94 p 15402x (1951); and Moser et al., J Med Chem, Vol. 33, p. 2358 (1990). When 
Z is bromo, the condensation is carried out in the presence of an iodide salt, e.g., potass.um 
iodide. 

Hydrolysis of the resulting ortho-anilinophenylacetamides of formula (VI) is carried 
out in aqueous alkali hydroxide, e.g., in 6N NaOH in the presence of an alcohol, e.g., 
ethanol, propano. and butanol, at elevated temperature, such as reflux temperature of the 
reaction mixture. 

The hydrolysis of esters of formula (Via) is carried out according to methods known 
in the art, e.g., under basic conditions as described above for the compounds of formula (VI) 
or alternatively under acidic conditions, e.g., using methanesulfonic acid. 



The starting materials ot formula (IV) or (IVa) are generally known or can be_ 



The starting maie«iai& ui iwiiiiw.*- x . , : - — - 

pre pa,ed using methodology known in the an, e.g. as described by Nohara in Japanese 
^AppJL NO, 78^34 (1 978, ; U.S. Pafen, No. 6.231,533 and as „,us„a,ed 



herein. 



Fo, example, .he corresponding anthranilic acid is convened ,0 the ortho-d, z n.um 
derivative followed by treatment with an alkali metal iodide in acid. e.g.. sulfunc acrd. to 

0 I he 2 i Iben oic acid or ,owe, alky, ester thereof. Reduction to the correspond.ng 

1 t alcohol e g with diborane or lithium aluminum hydride tor the ester. converse of 
rlto . o^e brcmide and then ,0 the nitrite, hydrolysis o, the nitrile ,o the acetic 
acid and conversion ,0 the N.N-dialkylamide according to methodology Known ,n the an 
yields a starting material of formula (IV). 

Alternatively e.g.. the starting material of formula (IV). wherein Z is Br and R is 
, In be prepared by firs, condensing according >o the method outlined in J. An, 

cyclopropyl bromide in the presence of indium trichloride to obtain S-bromo-S- 

c clopropytbenzoic acid methyl.esfer which is converted as descn ed above to the 

corresponding 2-b.omo.5-cyc,op,opylphenylacetamide of formula (IV). 

Furthermore, the starting materials o, formula (IV), wherein R is. e.g.. ethyl, can be 
prepared by F iede C,a«s acefylation o, oxindole with, e.g.. acetyl chloride in the presence 
7 — chloride, reduction o, the resulting Ketone by, e.g., catalytic hydrogenolysrs, 

Ld by hydrolytic cleavage ot ^^^^^ ortho 
phenylacetic acid. Diazohzatron in the presence of. e.g., P 
iodo-phenylacefic acid which is converted to an amide of formula (IV). 

Esters of formula (IVa) are prepared from the corresponding acids according to 
esterification methods Known in the art. 

The amines o, formula (V) are either Known in the art o, are prepared according .0 
methods well-known in the art or as illustrated herein. 

Fo, example, .he biarylamines are prepared by condensation under cordons o, a 
palladium catalyzed Suzuki coupling reaction of, e.g., an appropriately subs.„u,ed 
4.b,omoaniline with an appropriately substituted phenylboronic acrd. 
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Similarly, e g., cyclopropy, subs.Uu.ed anilines a,e prepared ««pon*0 
bro mo substituted anmneslisThe t™S»SF«« in P , 0 .ec.ed .orm, by palladium catalyzed 
condensation with cyc.op-opy, boronic acid, according .0 methodology in Tefrauedron 
tellers, Vol. 43. p. 6987 (2002), and as illustrated in the examples. 

Alternatively, 4-cycloalkyl substituted anilines are prepared by condensation of a 
4-iodo or bromo substituted aniline protected, e.g., as a phlhalimide derivative with, e.g., 
cyclopropyl bromide in the presence o. indium trichloride followed by removal of the 
protecting group, similarly .0 general methodology in J Ann Cnem Sec. Vol. 123, p. 4155 
(2001). 

The preparation of, e.g., 5-ethyl or S-n-propyl subs.ituted compounds according .0 
process (b) is carried ou, under conditions o, Friedel-Crafls acylation, e.g., in the presence of 
aluminum chloride in an inert solvent, such as ,,2-dichloroe.hane, followed by 
hydrooenolysis, e.g., using palladium on charcoal catalyst, preferably ,n acetrc acd 
solvent, at room temperature and about 3 atmospheres pressure. 

The starting materials of formula (VII) are prepared generally as described under 
process (a) starting with an amide of formula (IV) in which R represents hydrogen, e.g., as 
described in Moser et al. (1990), supra. 

The pteparation of the compounds of the invention according .0 process (c) can be 
carried ou. under conditions known in the art for the hydrolylic cleavage of lactams, 
Z rably with a strong ao.ueous base, such as agueous sodium hydroxide — ^ 
p.esence of an organic water miscibte solvent, such as methanol a, elevafed temperature 
the range of about 50-100-C, as generally described in U.S. Pa.en. No. 3,558,690. 

The oxindole s.arting materials are prepared by N-acyla.ion of a diarylamine of the 
formula (X) 

A W 

wherein R and A have meaning as defined above with a haloacety, a 
chloroacety, chloride, advantageously a, elevated temperatute. e.g., near 100 C, .0 obtarn 
compound of the formula (XI) 



- 18- 




- CHj-CI 

(XI) 



wherein R and A have meaning as defined hereinabove. Cyclization of a compound of 
formula (XI) is carried out under conditions of Friedel-Crafts alkylation in an inert solvent, 
such as dich.orobenzene, in the presence of Friedel-Crafts catalysts, e.g., aluminum ch.onde 
and ethylaluminum dichloride, at elevated temperature, e.g., at 120-175°C. 

The stating amines of formula (X) can be prepared by an U.lmann condensation and 
other methods known in the art, e.g., a Buchwald coupling reaction. 

Esters of the carboxylic acids of formula (I) are prepared by condensation of the 
carboxylic acid, in the form of a salt or in the presence of a base, with a halide (bromide or 
chloride) corresponding to the esterifying alcohol, such as benzyl ch.oroacetate, accord.ng to 
methodology well-known in the art, e.g., in a polar solvent, such as N,/V-dimethy.formam,de. 
and if required further modifying the resulting product. For example, if the esterif.cat,on 
product is itself an ester, such can be converted to the carboxylic acid, e.g., by 
hydrogenolysis of a resulting benzyl ester. Also if the esterification product is itself a hal.de, 
such can for instance be converted to the nitrooxy derivative by reaction w.th, e.g., s.lver 
nitrate. 

For example, the compounds of formula (la) are preferably prepared by condensing a 
salt of a carboxylic acid of formula (I) above with a compound of formula 

X— CH— COOR b 

1 

wherein 

X is a leaving group; and 

R b is a carboxy-protecting group to obtain a compound of formula (la) in carboxy- 
protected form, and subsequently removing the protecting group R b . 

The esterification can be carried under esterification conditions known in the art, e.g., 
in a polar solvent, such as N,N-dimethylformamide, at a temperature range of room 
temperature to about 100°C, preferably at a range of 40-60X. 
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The salt of the add of formula (I) is preferably an alkali metal salt.^g.. the sodium 
salt which may be prepared in silu. 

Leaving group X is preferably halo, e.g., chloro or bromo, or lower alkylsulfonyloxy, 
e.g., methanesulfonyloxy. 

Carboxy-protecting group R b is preferably benzyl. 

The resulting benzyl esters can be converted to the free acids of formula (la) 
preferably by hydrooenolysis with hydrogen in the presence of, e.g., Pd/C catalyst in acetic 
acid at atmospheric pressure or under Parr hydrogenation at a temperature ranging from 
room temperature to about 50°C. 

The invention includes any novel starling materials and processes for their 
manufacture. 

Finally, compounds of the invention are either obtained in the free form, or as a salt 
thereof if salt forming groups are present. 

The acidic compounds of the invention may be converted into metal salts with 
pharmaceutical acceptable bases, e.g., an aqueous alkali metal hydroxide, advantageously 
in the presence of an ethereal or alcoholic solvent, such as a lower a.kanol. Resulting salts 
may be converted into the free compounds by treatment with acids. These or other salts can 
also be used for purification of the compounds obtained. Ammonium salts are obta.ned by 
reaction with the appropriate amine, e.g., diethylamine, and the like. 

Compounds of the invention having basic groups can be converted into acid addition 
salts especially pharmaceutical* acceptable salts. These are formed, e.g., with inorgan.c 
acids such as mineral acids, e.g., sulfuric acid, a phosphoric or hydrohalic ac.d; or with 
organic carboxylic acids, such as ( Cl -C 4 )alkanecarboxylic acids which, e.g., are 
unsubstituted or substituted by halogen, e.g., acetic acid, such as saturated or unsaturated 
dicarboxylic acids, e.g., oxalic, succinic, ma.eic or fumaric acid, such as hydroxycarboxyhc 
acids e g glycolic, lactic, malic, tartaric or citric acid, such as amino acids, e.g., aspart.c or 
glutamic acid; or with organic sulfonic acids, such as (C.Oalky.sulfonic acids, e.g., 
methanesulfonic acid; or arylsulfonic acids which are unsubstituted or substituted, e.g., by 
halogen. Preferred are salts formed with hydrochloric acid, methanesulfonic acid and male.c 
acid. 
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In view of the close relation ship betw een the fre e compou ndsandt^compo^jn 
the form of their salts, whenever a compound is referred to in this context, a corresponding 
salt is also intended, provided such is possible or appropriate under the circumstances. 

The compounds, including their salts, can also be obtained in the form of their 
hydrates, or include other solvents used for their crystallization. 

The pharmaceutical compositions according to the invention are those suitable for 
enteral, such as oral or rectal, transdermal, topical and parenteral administration to 
mammals, including man, to inhibit COX-2- activity, and for the treatment of COX-2 
dependent disorders, and comprise an effective amount of a pharmacologically act.ve 
compound of the invention, either alone or in combination with other therapeutic agents, and 
one or more pharmaceutical^ acceptable carriers. 

More particularly, the pharmaceutical compositions comprise an effective COX-2 
inhibiting amount of a selective COX-2 inhibiting compound of the invention which is 
substantially free of COX-1 inhibiting activity and of side effects attributed thereto. 

The pharmacologically active compounds of the invention are useful in the 
manufacture of pharmaceutical compositions comprising an effective amount thereof in 
conjunction or admixture with excipients or carriers suitable for either enteral or parenteral 
application. Preferred are tablets and gelatin capsules comprising the active ingred.ent 
together with 

a) diluents, e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or 
glycine; 

b) lubricants, e.g., silica, talcum, stearic acid, its magnesium or calcium salt and/or 
polyethyleneglycol; for tablets also 

c) binders, e.g., magnesium aluminum silicate, starch paste, gelatin, tragacanth, 
methylcellulose, sodium carboxymethylcellulose and/or polyvinylpyrrolidone; if 
desired 

d) disintegrants, e.g., starches, agar, alginic acid or its sodium salt, or effervescent 
mixtures; and/or 

e) absorbents, colorants, flavors and sweeteners. 
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Injectable compositions are preferably aqueous isotonic solutions o, suspends 
and suppositories are advantageously prepared from tatty emulsions or suspensions. Sard 
expositions may be sterifeed and/o, contain adjuvants, such as preserving, stabling. 
Z ng o, emu,s«ying agents, solution promoters, salts ,0, regulating the osmottc pressure 
and,o, butters. In addition, they may also contain other ,he,apeu,ica„y valuable 
Said compositions are prepared according to conventional mixing, granulating o, coating 
melds respectively, and contain about 0,-75%. p-eterably about 1-50%. of .he acttve 
ingredient. 

Tablets may be either film coated or enteric coated according to methods known in 

the art. 

Suitable formulations tor transdermal application include an effective amount of a 
compound of the invention with carrier. Advanfageous carriers include absorbab e 
pharmacologically acceptable soivents to assis, passage through the sk,n of the host. Fo 
ex mple transdermal devices are in the form o, a bandage comprising a back.ng member, a 
cservt containing the compound optionally with carriers, optionally a rafe controlling 
b ™ deliver the compound o, fhe skin o. the host a, a controlled and predeterm.ned rate 
ova, a prolonged period of time, and means to secure the device to the sk,n. 

Suitable formulations to, topical application, e.g., to the skin and eyes, include 
aqu eous solutions, suspensions, ointments, creams, gets o, sprayable <™"*™^£ 
delivery by aeroso, o, the like. Such topical delivery systems wil, in particular be approbate 
o nma application, e.g.. fo, the treatment of skin cancer, e.g.. fo, prophylactic use ,n sun 
ms lotions, sp.ays and the like. In this regard i, is noted tha, compounds o the p.esen, 
enln are capable of absorbing UV rays in the range o, 290-320 nm while allowing 
passage of fanning -ays a. higher wavetengths. They are thus particularly su, ed to, use ,n 
topical including cosmetic, formulations well-known in the art. Such may contain 
lb!!. sfaLers. tonicity enhancing agents, butters and <^^^ 
suitable for topical application can be prepared, e.g., as described ,n 
No. 4,784,808. Formulations fo, ocular administration can be prepared, e.g.. as desenbed 
U.S. Patent Nos. 4,829,088 and 4,960.799. 

The compounds of the invention may be used alone or in conjunction with other 
, h e,apeu.ic agents. Fo, example, suitable additional active agents for use in relation fa fhe 
e men, o, neoplasia fma.ignan, and benign, include, e.g.. the anti-neoplastic agents o, 
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radioprotective agents recited in International Patent Appl icatio n WO 98/16227 and the li ke. 
Other suitable additional therapeutic agents include analgesic agents, such as oxycodone, 
codeine, tramadol, levorphanol, propoxyphene, ketorolac, pentazocine, meperidine and the 
like; also anti-platelet agents, such as aspirin, clopidogrel, ticlopidine and the like; also 
bisphosphonates, such as zoledronate, pamidronate, risedronate, alendronate and the like; 
also statins, such as fluvastatin, atorvastatin, lovastatin, simvastatin, rosuyastatin. 
pravastatin and the like. 

In conjunction with another active ingredient, a compound of the invention may be 
administered either simultaneously, before or after the other active ingredient, either 
separately by the same or different route of administration or together in the same 
pharmaceutical formulation. 

The dosage of active compound administered is dependent on the species of warm- 
blooded animal (mammal), the body weight, age and individual condition, and on the form of 
administration. A unit dosage for oral administration to a mammal of about 50-70 kg may 
contain between about 5 mg and 500 mg, of the active ingredient. 

The present invention also relates to methods of using the compounds of the 
invention and their pharmaceutical^ acceptable salts, or pharmaceutical compositions 
thereof, in mammals for inhibiting COX-2 and for the treatment of conditions as described 
herein, e.g., inflammation, pain, rheumatoid arthritis, osteoarthritis, dysmenorrhea!, tumors 
and other COX-2-dependent disorders. 

Particularly, the present invention relates to a method of selectively inhibiting COX-2 
activity in a mammal without substantially inhibiting COX-1 activity, which comprises 
administering to a mammal in need thereof an effective COX-2 inhibiting amount of a 
compound of the invention. 

Thus, the present invention also relates to a method of treating COX-2 dependent 
disorders in mammals, which comprises administering to a mammal in need thereof an 
effective COX-2 inhibiting amount of a compound of the invention. 

More particularly, the present invention relates to a method of treating COX-2 
dependent disorders in mammals while substantially eliminating undesirable side effects 
associated with COX-1 inhibiting activity which comprises administering to a mammal in 
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need .here* an effective COX-2 inhibiting amount of a .elective COX-2 inhibiting dompound 
o. the invention which is substantially fee of COX-1 inhibiting activrty. 

More specifically, such .ela.es to a method of, e.g., treating rheumatoid arthritis, 
osteoarthritis, pain, dysmenorrhea or inflammation in mammals without causing undesrrable 
gastrointestinal ulceration, which method comprises administering to a mammal ,n need 
thereof a correspondingly effective amount of a compound of the inven.ron. 

The following examples are intended to illustrate the invention and are not to be 
construed as being limitations .hereon. Temperatutes are given in degrees Centrigrade. I 
no. mentioned otherwise. a„ evaporations are performed under reduced pressure preferably 
between about re mm Hg and ,00 mm Hg ,= 20-.33 mbar). The s.ruCure o, „na, products, 
intermediates and starting materials is confirmed by standard analytical methods, e.g. 
narcoanalysis and spectroscopic characteristics, e.g.. MS, ,R, NMR. Abbrevratrons used are 
those conventional in the art. 

Abbreviations 

BOC: f-butoxycarbonyl 
DME: 1 ,2-Dimethoxyethane 
DMF' N,N-dimethylformamide 

X— ro^^-a-ethylcarbodiimide hydrochloride 

HOAt: i-hydroxy-7-azabenzotnazole 

LAH: lithium aluminum hydride 

NBS: N-bromosuccinimide 

NCS: N-chlorosuccinimide 

NMM: AZ-methylmorpholine 

THF: tetrahydrofuran 

TLC: thin layer chromatography 
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EXAMPLES 

Exampl 1 
Aniline Starting Materials 
A. 2,3,5,6-Tetrafluoro-4-phenylaniline 

2 3 5 6-Tetranuo.oani,ine (25.0 g, 0.15 mo,) is dissolved in methanol (100 mL) and 
Uealed w„h eiementa, bromine (28.4 9. 0.17 mo„ by dropwise addilion a, room temperature. 
So odium bioarbonate (15 g. 0,8 mo,) is added portionwise and .be ,esu,.rn S , mrx U e 
Etirre d to, an additional 2 bours. Tbe reaction mixture is partitioned between E„0 500 mL, 
and water (1000 mL). Tbe organio layer is dried (MgSO.) and evaporated by a rotan, 
evaporator to give 2.3,5,6-tetrafluoro-4-bromoaniline (m.p. 68-60 C). 

2 3 5 6-Tet,afluo,o-4.b,omoaniline (13.8 g, 56.7 mmol) is dissolved in benzene 
,200 mL)' and treated with 1.5 equivalents o. pbenylboronio acid (10.4 g, 85.1 mmo,) and a 
a amoun, o, .elraKislripbenylpbospbine pa„adium(0, ,4, s . 3.6 mmo,) as a so, , on ,n 
e.hano, (30 mL) Sodium carbonate (60 mL of 2 M aqueous solution) ,s added and the 

el lure s„r,ed and beated to renux temperalure ,or 24 bours. A«et coo ng ,o room 
temperature .be mixture is partitioned between E.,C ,500 mL) and water (250 mL). Tbe 
oZ layer is wasbed wilh brine, dried <MgSO.) and concen.ra.ed by rotary evaporator. 

residua, o„ is purltied by tlasb cbroma.ograpby (9:1 hexanes,E,OAc) .o grve 
2,3,5,6-tetrafluoro-4-phenylaniline as an oil. 

1 H-NMR: (CDCI 3 ) 7.43 (m, 5H, ArH), 4.05 (s, 2H, NH 2 ). 

B. 2,6-Dichloro-4-phenylaniline 

Tbe p,epa,a.,on is an adaption o. Brews.er. Org. Synth. II, p. 347 (1 943). 
2, 6 -Dicb,o,oani„ne ,16.2 g. 0, mo„ is suspended in a so,u,ion o« sodium bicarbonate 
,3 69 0 1 mo, ,n 100 mL o, wa.er) and warmed .o 60'C. Elemen.a, iodrne ,25.4 g. 0.1 mo,) 
;:::ed port,onwise and ,be ,esu,.ing mix,u,e s.irred a, 60X tot ■> day, A«er coo „, , 
,oom ,empe,a,u,e, .be reaction mix,u,e is portioned between C Hj CI, (280 mL) a d 
salur a,ed sodium bisultite solution (500 mL,. Tbe aqueous layer 
. .... „ al rH cl ,250 mL, and the combined organic layers dried (MgS0 4 , and 

e—r. Tbe residua, oi, is purged by tlasb chromatography ,9:1 
hexanes/EtOAc) to give 2,6-dichloro-4-iodoaniline (m.p. 100-102 C). 
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2 6-Pichloro-4-iodoanir,ne (10.4 g, 36.0 mmol) i s dissolve d in toluene (100 mL)_and 
treated with 1 .5 equivalents of phenylboronic acid (6.6 g. 54 mmol), and a catalytic amount 
of tetrakistriphenylphosphine palladium(O) (3.0 g. 2.6 mmol) as a solution in ethanol (20 mL). 
Sodium carbonate (40 mL of 2 M aqueous solution) is added and the reaction mixture st.rred 
and heated to reflux temperature for 24 hours. After cooling to room temperature, the 
mixture is partitioned between Et 2 G (300 mL) and water (150 mL). The organic layer ,s 
washed with brine, dried (MgSO,) and concentrated by rotary evaporator. The res,dual o.l « 
purified by flash chromatography (9:1 hexanes/EtOAc) to give 2,6-dich.oro-4- P heny.an,.,ne 
(m,p. 112-1 13°C). 

C. 2-Fluoro-4-phenyl-6-chloroaniline 

2-Fluoro-6-chloroaniline (28.8 g, 0.2 mol) is suspended in a solution of sodium 
bicarbonate (17.2 g, 0.2 mo. in 150 mL water) and warmed to 60»C. Elemental iodine 
(50 8 g 0 2 mol) is added portionwise and the resulting mixture stirred at 60«C for 3 days. 
After cooling to room temperature, the reaction mixture is partitioned between CH 2 CI 2 
(350 mL) and saturated sodium bisulfite solution (500 mL). The aqueous layer ,s re- 
extracted with additional CH 2 CI 2 (250 mL) and the combined organic layers dr.ed (MgSO,) 
and concentrated by .otary evaporator. The residua, oil is purified by flash chromatography 
(9 :1 hexanes/EtOAc) to give 2-fluoro-4-iodo-6-chloroaniline (m.p. 85-87°C). 

2-F.uoro-4-iodo-6-chloroani.ine (8.0 g, 36.0 mmol) is dissolved in DMF (110 mL) and 
treated with 2 8 equiva.ents of pheny.boronic acid (10.0 g, 82 mmol). and a cata.ytic amount 
of tetrakistriphenylphosphine paUadium(O) (3.0 g, 2.6 mmol) as a so.ution in DMF (20 mL). 
Sodium carbonate (30 mL of 2 M aqueous so.ution) is added and the reaction mixture st.rred 
and heated to 100°C for 24 hours. After cooling to room temperature most of the DMF » 
removed by rotary evaporator under high vacuum. The residual brown oil is part.t.oned 
between Et 2 Q (300 mL) and water (150 mL). The organic layer is washed with br.ne, dr.ed 
( MgSO.) and concentrated by rotary evaporator. The residua, oil is purified by flash 
chromatography (9:1 hexanes/EtOAc) to give 2-f.uoro-4-pheny.-6-ch.oroani.ine (m.p. 105- 

107°C). 

D. 2,3,5 ) 6-Tetrafluoro-4-(3 , -methoxyphenyl)anUine 

(i) 2 3 5 6-Tetrafluoro-4-bromoaniline (7.5 g, 30.7 mmol) is dissolved in DME 
(150 mL) and treated with 3-methoxyphenylboronic acid (4.7 g, 30.7 mmol), a catalytic 
amount of tetrakistriphenylphosphine palladium(O) (0.70 g, 0.6 mmol) and 
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Uiphenylphospnine ,0.66 «. 2.6 mmol). Polassium carbonaleXSJ .M^J* 
a dded and ,he reaction mixture stined and heated ,o 90X ,or 24 hours. Afler oo tng to 
,oom temperatute mcs, o, ,he DME is removed by totary evaporator "" d «^ h ~ 
The resulg material is partitioned between EtOAc (200 mL) and wale, (250 mL). The 
o, 9 anic (aye, is washed with brine, dried (Na.SO.) and concentrated by rotary evaporator. 
2 rude reaction product is purilied by flash ch,oma,o 8 ,aphy ,9:1 --nes, E ,OAc. hen 
6:4 hexanes/EIOAC, to give 2 .3.5,6.,e,raauo,o- 4 .(3'.me,hoxypheny,)an,„he (m.p. 94-96 C). 

m ^^.al^iocedure: 2.3,5,6-Te,ra.luoro.4.b,omoaniline ,12.0 9. 49.2 mmoi) is 
dissolved in DME (260 mL) and heated with 3-me,ho*ypheny,bcronic acd (7.6 g, 
49 2 mmot), a catalytic amount ot palladium,!,) acetate ,0.23 g. 1.0 mmo„ and tn-c- 
o y phosphine ,1,2 g, 4.0 mmo„. Potassium carbonate ,1,6 g * "£ ^£< 
and the reaction mixlure stirred, purged with nitrogen, .hen heated .0 90 C lor 24 hours^ 
Afler cooling to room temperature mos, o, the DME is removed by rotary evaporator u de, 
Z vacuum. The resutting materia, is part„ioned between EtOAc ,200 mL, and w , 
,250 mL). The organic layer is washed with bnne, dried «N*8O0 and concentrated by 
;lry evaporator. The crude reaction product is puritied by flash chromatography ,9.1 
hexanes/E.OAc, .hen 6:4 hexanes/E.OAc) to give 2,3.5.6..e.,afluoro-4-,3 - 
methoxyphenyljaniline ,m.p. 94-96°C). 
E 2-Fluoro-4-,4'-fluorophenyl)aniHne 

2.Fluoro-4-b,omoaniUne (10.7 g), 4.fluo,ophenylbo.onic acid (11.9 g). 60 mL ot 2 N 
NaOH and 200 mL o, benzene are combined and degassed with N, Patladium 
e Islriphenyiphosphine ,4.2 g, is added and the mixtute stirred a, -^J^ 
overnight. Alter cooling, ,he reaction is Altered through Celile and concern a, c J^e ^y 
residue is purified by flash chromatography ,5-10% E.OAc/hexane) to aftord 2-fluoro (4 
fluorophenyl)aniline as a solid. 
F 2-Chloro-4-cyclohexylaniline 

The preparation is an adaptation o, Altau e, a,., J Chem Bn g Data, Vol. 8. p. 122 ,1963). 

..Cyclonexylaniline ,20 g, 114 mmol) is disso.ved in acetic acid ,50 mL) and stirred 
wl ,h acetic anhydride ,12 g, 114 mot). The reaction is exothermic and ^ ""^ 
,0 cool to room temperature, then stirred tor 2 additional hours. The volat.es are removed 
b y rotary evaporator and the tesidual solid tnturated with hexane and flllered ,0 gtve 
4-cyclohexylacetanilide (m.p. 126-128°C). 
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4-Cyclohexylacetanilide (24 g. 110 mmoiyis dissolved in a m ixture of concentrated 
HCI (25 mL) and aceticldd(75 mL)7 The mixture is cooled in an ice bath and a solution of 
sodium chlorate (NaCI0 3 , 7.5 g, 70 mmol) in water (30 mL) is added via a dropping funnel. 
The reaction is allowed to warm to room temperature and then poured into saturated sodium 
bisulfite solution (500 mL). The solid which forms is isolated by filtration and subsequently 
washed first with water (500 mL) and then a mixture of hexanes/Et20 (10:1, 500 mL). The 
resulting solid is air dried to yield 2-chloro-4-cyclohexylacetanilide (m.p. 110-112 e C). 

Hydrolysis in a 1:1 mixture of concentrated HCI and ethanol at reflux temperature for 
12 hours yields 2-chloro-4-cyclohexylaniline. 

G. 2-Ch!oro-4-cyclopropylaniline 

2-Chloro-4-iodoaniline (12.65 g) and phthalic anhydride (7.4 g) are dissolved in 
30 mL of dimethylformamide. The solution is heated to reflux for 16 hours. The reaction 
mixture is diluted with diethyl ether and washed with brine to yield a precipitate which is 
filtered off and washed with water and diethyl ether to yield /V-(2-chloro-4- 
iodophenyl)phthalimide as a white solid. 

The above iodide is reacted with cyclopropyl bromide and InCI, according to method 
outlined in J Am Chem Soc, Vol. 123, p. 4155 (2001), to yield A/-(2-chloro-4- 
cyclopropylphenyl)phthalimide. 

The above phthalimide (3.9 g) in 80 mL of methanol is treated with 1.9 mL of 
anhydrous hydrazine. The reaction mixture is refluxed for 1.5 hours then cooled to room 
temperature and concentrated in vacuo to a paste. This paste is diluted with diethyl ether 
and filtered. The filtrate is concentrated in vacuo to give 2-chloro-4-cyclopropylanil.ne as a 
viscous oil. 

Similarly prepared are, e.g., 2-chloro-6-fluoro-4-cyclopropylaniline from 2-chloro-6- 
fluoro-4-iodoaniline and 2-fluoro-4-cyclopropylaniline from 2-fluoro-4-iodoaniline. 

H. i-Chloro-2-aminonaphthalene 

A solution of 2-naphthylamine (1.43 g, 10 mmol) and triethylamine (1.1 1 g. 1 1 mmol) 
in 10 mL of CH 2 CI 2 is cooled to 0°C under an atmosphere of nitrogen. To this solution is 
added dropwise a solution of acetyl chloride (0.86 g, 11 mmol) in 10 mL of CH 2 CI 2 . The 
mixture is allowed to warm to room temperature and stirred overnight. The mixture is 
concentrated in vacuo and then 1 N HCI is added to the residue to bring the mixture to pH 4. 
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The mixture is extracted 3 t imes with 20 mL ofEtOAc and the comb ined organic la yers are 
washed with 20 mL each of H 2 0, saturated aqueous NaHC0 3 and saturated brine. The 
organic layer is dried over MgSO,, filtered and the solvents are removed in vacuo to give 
2-acetylaminonaphthalene as a solid which is used without further purification. A solution of 
NaCI0 3 in (0.33 g, 30 mmol) in 0.77 mL of H 2 0 is added dropwise to a mixture of 1.0 g of 
2-acetylaminonaphthalene in 5 mL of concentrated HCI and 6 mL of HOAc at 0°C. The 
mixture is allowed to warm to room temperature and stirred overnight under an atmosphere 
of nitrogen The mixture is poured over 20 g of ice and is extracted three times with 20 mL 
of CH 2 CI 2 The combined organic layers are washed with 20 mL each of water, saturated 
aqueous sodium bicarbonate and saturated brine, and dried over magnesium sulfate. The 
mixture is filtered and the solvents are removed in vacuo to give an oil which is purified by 
flash chromat6graphy on silica gel (CH 2 CI 2 ) to give 1-chloro 2-acetylaminonaphthalene as a 
solid A mixture of 0.17 g (0.77 mmol) of 1-chloro 2-acetylaminonaphthalene in 3.9 mL of 
6 N HCI is heated to 85°C and is stirred for 8 hours. The mixture is cooled to 0°C and sol.d 
Na 2 CO, is carefully added to bring the mixture to P H 8. The mixture is extracted 3 times wrth 
20 mL of CH 2 CI 2 . The combined organic layers are washed with 15 mL of saturated br.ne, 
dried over Na 2 SO< and the solvents are removed in vacuo to give 1-chloro 
2-aminonaphthalene as a solid. 

I. 6-Chloro-5-aminoindane 

A solution of 5-aminoindane (8.6 g, 64.6 mmol) and triethylamine (1 .1 1 g, 1 1 mmol) 
in 50 mL of 1 4-dioxane is cooled to 0°C under an atmosphere of nitrogen. To this solution 
is added dropwise acetic anhydride (15.6 g, 139 mmol). The mixture is allowed to warm to 
room temperature and stirred overnight. The mixture is poured onto 200 g of ice and st.rred 
for 1 hour The precipitate is filtered off, washed with H 2 0 and dried in vacuo to g.ve 
5-acety.amidoindane. The product is dissolved in 33.1 mL of HOAc and 26.9 mL of 
concentrated HCI and the mixture is stirred at room temperature under an atmosphere of 
nitrogen An aqueous solution of NaCI0 3 (3.51 g, 32.8 mmol) is added slowly dropw.se and 
the mixture is stirred overnight. The mixture is poured onto 200 g of ice, stirred for 1 hour, 
filtered and the product is dried in vacuo to give 6-chloro-5-acetylaminoindane. A m.xture of 
2 6 g (12 4 mmol) of this solid in 70 mL of concentrated HCI is heated to reflux for 6 hours 
under an atmosphere of nitrogen. The mixture is cooled to 0°C and filtered. The solids are 
washed with ice water and the filtrate is adjusted to P H 8 by carefully adding solid NaHC0 3 . 
The mixture is extracted 4 times with 50 mL of CH 2 CI 2 . The combined organic layers are 
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.ashed with 50 mL of saturated br^dried over MgSO.-fiUered anUthesoWents are_ 
.emoved in vacuo to give 6-chloro-5-aminoindane. 

j 6-Nlethyl-5-aminoindane 

A solution ol 7.18 g (5. mmol) of 5-aminoindane and 10.9 g (108 -) of 
triefhylamine in 40 mL of CH,CI, is cooled ,o 5X, Acetic anhydride ,7.63 g. 81 mmol, a 
"ZZ* d.o P w i£ e. The reaction is atlowed ,0 wa, m ,o room femperafure an s rred 
overnight The reaction is poured into 1 N HCI .0 acidify if and is then extracted wtfh ElOAc. 

h e o g nic layer is evaporated in Totuene is added ,0 fhe residue and : mrxfure ,s 

evaporated in vacuo ,o give S-acefylaminoindane fha, was used wrfhou, pun,, a,on. 
Z efylaminoindane (8.8 g) is dissolved in a solution o, 26 mL o, HOAc and 126 mL of 
ce * anhydride, and cooled .0 OX. Nifric acid (8.3 mL, is added carefully dropw.se o fhe 
on so as ,0 con.ro, fhe femperafure o, fhe exothermic reacfion. The mixfure ,s shrred 
o ddifiona, 30 minutes and is poured onfo ice and filfered. The solid is was ed w„h 

• u,,n r,ivi= c..acetvlamino-6-nitroindane that is usea 
water and dried in a vacuum oven overn.ght to give 5 acetyiam.nu 

4 hours The mixture is neutralized w.th Na 2 CO, (1 52 g) rn 

„„e,ed and dried overnight in a vacuum oven to give S-amino-e-nitroindane. 

S-Amino.6-nn,oindane ,4 g) is dissotved in 10 mL of MeOH. 30 mL of H,0 and 20 mL 

~ a . .v«Afi79nof NaN0 2 (24.9 mmol) in 5 mL ol H 2 U is 
4 u cn and cooled to 0°C. A solution of 1 J 2 9 oi inchn^ 

of H,SO., and cooieo ro „ acljon be low 8'C. The mixture is allowed 

added dropwise, keeping the temperature of the react.on 

,o sfir for 30 minutes. This mixture is .hen added dropwise to a mrxfure of CuBr (1.8 9, 
2 5 ml and 6 mL o, 48 % HBr in 30 mL o, H,0 fha, is heated ,o 60X. The reacfron ,s 
o ed a added ,o H,C and EtOAc. The organic tayer is separated and fhe solven a 
porated rn vacuo to give a residue tha, is purified hy 
n exane,E,OAc) ,o give 6 .h,omo-6-ni„oindane. A mixture of. h,s ,n ane » .9 9 1» mmot). 
4 88 o (27 2 mmol) of tet.amefhyltin. 0.1 g of Pd(OAc), (0.45 mmot), 0.3 g (o-tol) S P 

0 98 mmo) 7 mL o, E, a N and 7 mL o, DMF is heated In a sealed fuhe to 65X for 3 daya^ 
Z 1 is acidifed with 1 N HC, and exfracfed wifh EtOAc. The organic (ayer ,s washed 
2 Z ed hrine and dried over Na,SO, and fhe sotvenfs are evaporafed in vacuo o give 

1 Ldue fha, is pu,ed hy ^^^Z^ I 

2.22gott-e. m FtOH is added dropwise and the reaction is 

5-methyl-6-nitroindane (10.7 mmol) in 50 mL of EtOn 
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heated to reflux for 30 minut es. The mix ture is ex tracted twice with C H 2 CI 2 . Th e combined 
organic layers are washed with saturated brine and dried over Na 2 SO, and the solvents 
evaporated in vacuo to give a residue that is purified by column chromatography (75% 
hexane EtOAc) to give 6-methyl-5-aminoindane (also named 5-methyl-6-aminoindane). 

K. 4 .Cyclopropyl-2-fluoro-3-trifluoromethylaniline 

4-Bromo-2-fluoro-3-trifluoromethylaniline is prepared from 2-fluoro-3- 
trifluoromethylaniline by treatment with NBS in DMF according to the procedure described in 
International Application WO 94/18179. 

2-Fluoro-3 trifluoromethylaniline (28.8 g, 161 mmol) is dissolved in DMF (100 mL). A 
solution of NBS (28.6 g, 161 mmol) in DMF (100 mL) is added dropwise at room 
temperature. After 3 hours/the reaction is diluted with Et 2 0 and washed with brine. The 
separated organic phase is dried (Na 2 SO<) and concentrated to give 4-bromo-2-fluoro-3- 
trifluoromethylaniline as an oil. 

4.Cyclopropyl-2-fluoro-3-trifluoromethylaniline is prepared from 4-bromo-2-fluoro-3- 
trifluoromethylaniline by palladium-catalyzed coupling to cyclopropylboronic acid, similarly to 
the method outlined in Tetrahedron Letters, Vol. 43, p. 6987 (2002). 

4-Bromo-2-fluoro-3-trifluoromethylanir.ne (5.0 g, 19.4 mmol), cyclopropylboronic acid 
(2 16 g 25 2 mmol), K 3 PO« (14.4 g, 67.8 mmol) and tricyclohexyl phosphine (0.54 g, 
1 9 mmol) are dissolved in toluene (80 mL) and water (4 mL). The solution is degassed w.th 
N 2 heated to 90°C, and Pd(OAc) 2 (0.22 g, 1.0 mmol) is added. The reaction is heated at 
90X for 5 hours cooled, diluted with Et 2 0, filtered, washed with brine, dried (Na 2 SO<) and 
concentrated in vacuo. The residue is purified by column chromatography (EtOAc/hexanes) 
to give 4-cyclopropyl-2-fluoro-3-trifluoromethylaniline. 

Similarly prepared are 4-cyclopropyl-2-fluoro-5-trifluoromethylaniline and 
4-cyclopropyl-2,6-difluoroaniline. 
L. 4_Cyclopropyl-3,5-difluoro-2-chloroaniline 

3 5-Difluoroaniline (10.0 g, 77.5 mmol) is dissolved in DMF (100 mL). NBS (13.9 g, 
78 0 mmol) is added portionwise at room temperature. After stirring overnight at room 
temperature the reaction mixture is diluted with Et 2 Q and washed with brine. The separated 
orcanic phase is dried (Na 2 SO<) and concentrated to give an oil which is purified by column 
chromatography (methylene chloride/hexanes) to give 4-bromo-3,5-difluoroan.l.ne. 
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t «. ,in * n-50-5 mmol) is dissolved in'DMF (1 00 mL)." NCS 
4-Bromo-3,5-difluorc^ l l ! r^(10.5 g, 50.5 "^L. " After 48hours, the THSibn 
,98 6 a 50 5 mmol) is added portionwise at room temperature. After 

(28.6 g, bU.D mmui; cpnar ated orqanic phase is dried (Na 2 S0 4 ) 

(E ,OAc,he*anes) to give <.b.omo-2-c™o,o-3,5-d m uo,oam,ine. 

A mixture o< <.b,omo-2-eh,o,o-3,S-d, f ,uo,oan„ine (5.35 g. 22.0 mmol), 

A module K po< , 16 g , 78 mmol) and tneyelohexyl 

T'^eZ » ml 9 0 nlenelso mL, aoO (8 m L , is degassed with 
phosphme (0.623 g, ^ rr mmnh is added The reaction mixture is 

and heated to 10CTC. Pd(OAc) 2 (0.25 g ^ rf ^ ge) . The residue 

hea ted to 100-C overnight, cooled and 4 . cy c,opropy,3>dif,uoro-2- 
is purified by column chromatography (EtOAc/hexanes) g 



chloroaniline 

M . 2 .Ch.oro-4-cyc.o P rop yl -5-methyl-6.fluoroanUine 



2 .C W o,o.5-me,hy,-6- f tuo,oben 2 oie acid (.3 g. 0.25 mo,) is suspended in CH,C ls 
(5 00 mU and treated - thiony, chtoride ,35 £ ~ „ 
imm edia,e,y totiowed by - --ion o, se^iat s mLM ^ ^ ^ 

,o r. rr^rr^r^t-, — - - - 

dissolves and a clear soimiun added The solution is 

so ,ven, is removed by rota. evaporate r and = » Jhe , jghl yellow 

again concentrated b y rotary evaporator to remove . 

J tha, resuKs is titteted thiougb a ptug o, ^^^Z P y 1. 
or9 anic lay e, is washed with biine ,500 mL > dr«d m «» ^ ^ ^ 

operator. ~ as a wmle sotid ( m. P . ^.5,0). 

collected to provide 2-chloro o meu.y. 

A .otution of sodium methoxide is generated by treating me.aitic sodium ,29 g, 
so ' . hanft) hv droowise addition under an inert 

1 .26 mot) with 1000 mL o, anhydrous methane, by drop 
at mosphe,e. Atter the metat is compte,e,y consumed ,h so on ' 

— <°; - — - — - 

, ' U0 ' 0ben2a : d ^™,I N-Bromosuccimmide ,78 g. 0.«4 mot) is then s,ow,y added 
30 minutes at room temperature, IV ^ 3 ^ 

via a powder additiona, tunne, The reacbon (q , oom , emperatu[e and 

wh ich time teaming is obse.ed. The ,e- - « °° ^ 

m0 st o, the sotvent is removed by rotary evaporator. The 
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EtOAc (1000 mL) and water (1000 n»L). The organic layer is separated and washed wrth 
water (500 mL) and then brin^TsbO mTT The oTganic layeF is dTieT(i^S07). filtered and 
concentrated by rotary evaporator, the crude product is then purified using flash 
chromatography, eluting with 4:1 hexanes/EtOAc to give N-(2-chloro-5-methy.-6- 
fluorophenyl)-carbamic acid methyl ester as a white solid (m.p. 109-112 C). 

/V-(2-ch.oro-5-methyl-6,fluorophenyl)-carbamic acid methyl ester (39 g, 0.18 mmol) is 
^solved in MeOH (150 mL), water (150 mL) and 30% NaOH solution (150 mL). The 
reaction mixture is heated to reflux temperature for 3 days and then cooled to room 
temperature. The reaction is concentrated by rotary evaporator to remove most of the 
m ethano. and then partitioned between Et 2 Q (500 mL) and water (500 mL). The aqueous 
phase ic extracted again with Et 2 G (250 mL) and the combined organic layers washed w,th 
brine (500 mL), dried and concentrated by rotary evaporator. The crude product is purified 
by bu.b-to-bulb distillation to give 2-ch.oro-5-methyl-6-fluorcani.ine as a co.or.ess o,l (b p. 
120-13TC at -20 mm of Hg), which forms a white crystalline solid upon storage at AC. 

2 C hloro-5-methyl-6-fluoroaniline (23 g, 0.14 mol) and /V-bromosuccinimide (25 g. 
0 14 mo.) are disso.ved with stirring in 200 mL of anhydrous DMF. The reaction mixture is 
stirred overnight and then most of the DMF is removed by rctary evaporator under h.gh 
vacuum. The dark brown residue is partitioned between 1:1 Et.O/hexane (500 mL) and 
water (500 mL). The organic .ayer is washed with brine (5 x 250 mL). dr.ed (MgSO,) and 
concentrated by rotary evaporator. The crude material is purified using flash 
chromatography (20% CH 2 C. 2 /hexanes ) and then further purified by bu.b-to-bulb distillation 
(b p 155-165°C at -20 mm of Hg) to give 2-ch.oro-4-bromo-5-methy.-6-f.uoroani.ine as a 
peach-colored solid which is re-crystallized from ice-cold hexanes (m.p. 67-7 rC). 

2 -Ch.oro-4-bromo-5-methyl-6-fluoroaniline (6.5 g, 27 mmol), cyc.opropylboronic acid 
(2 8 g 33 mmol). tetrakis (triphenylphosphine)palladium (0) (1.4 g, 1.3 mmol). potass.um 
phosphate (20.2 g. 95 mmol) and tricyc.ohexy.phosphine (0.77 g. 2.7 mmo.) are comb.ned 
and stirred in 200 mL of a 4:1 DME/water so.ution. The mixture is degassed by repeated 
alternating application of vacuum and positive nitrogen pressure (10 x). The mixture ,s 
heated to reflux temperature for 2 days and then cooled to room temperature. Most of the 
DME is removed by rotary evaporator and the residua, mixture is partitioned between Et 2 0 
(250 mL) and water (250 mL). The organic phase is washed with brine (3 x 250 mL) dr.ed 
MgSO<) and concentrated by rotary evaporator. The crude product is purified using fiash 
chromatography (8% CH 2 C. 2 /hexanes) to give 2-ch.oro-4-cyc.opropy.-5-methyl-6- 
fluoroaniline as a tan oil. 
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N 2.Chloto-5-cycloptopyl-6-fluoioanillne ~ 

The prepar^on is aalc^ationo, a method described in Tehran Lett. Vci. 37. 
p. 6551 (1996). 

A solution o« mum diiosoptopy. amide is generated by adding n-BuLi ,360 mL o, 
2 M solution in THF) ,0 diisopropylamine (73 g. 0.722 mo,) in 600 mL o, anhydrou I THF 
while a ,eac,ion temperature of -60X is maintained by cooling ,n do--.ce acetone bath. After 

2. c hloro-5-brcmo-6-fluorobenzoic acid. 

2.Ch l o,o.5.b,omo-6-.,oo.oben 2 oic acid (91 g, 0.36 mot) is suspended in CH,C,, ^ 

,200 mU and treated with oxaiy. chioride .61 g. 0.40 moi) by dropwise addition, immediately 
(200 mL) and t.eateo fe a( ioom 

isobtaineo. me D ,oduct is collected by filtration and 

ml. of ammonium hydroxide while stirring at 0 C. The pioou 

washed with water to give 2.ch,o,o.6.b,omo-6-f,uo,oben 2 am,de as a wh„e solrd. 

A solution of sodium me.hoxide is generated by treating metallic sodium (18 9. 

0.78 moi) "with 1000 mL o, anhydrous methanol by diopwisa addHion under an inert 

atmosphere. 

After the meta, is completely consumed .he solution is heated a, reflux 'emperature 
, or 30 n es and then cooled to room temperature. 2.Ch,o,o.6.b,omo.6-f,uo,obenzam,de 
66 g 0 26 moi, is added and stirring continued for an additional 30 minutes a. room 

mpe°a ura N-Bromosuccinimide (92 g. 0.62 mol, is ,hen siowiy added via a powder 
ITd on unnel. The leaction mixlure is warmed .0 60«C for 30 minu.es during which me 
oalg 's observed. The reaction mix,u,e is cooied ,0 room temperature and mos o, fhe 
loaming residue is partitioned between EtOAc 

solvent is .amoved by rofary evapo. The ^u p ^ ^ ^ ^ % 

(1000 mL) and water (1000 mL). The organ.c layer p 
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500 mL) and then brine (2 x 500 mL). The organic" layer is dried (MgSbO^edjm^ 

concentrated by rotary evaporator to give /^(2-chloro-5-bromo-6-fluorophenyl)-carbamic 

acid methyl ester as a light yellow solid (m.p. 107-1 12°C). 

/V-(2-chloro-5-bromo-6-fluorophenyl)-carbamic ester methyl ester (8.65 g, 

30 6 mmol), cyclopropylboronic acid (3.16 g, 36.7 mmol), potassium phosphate (22.8 g. 
107 mmol), palladium acetate (343 mg, 1.53 mmol) and tricyclohexylphosphine (858 mg, 
3 06 mmol) are combined and stirred in a two-phase solution comprised of toluene (350 mL) 
and water (75 mL). The mixture is degassed by repeated alternating application of vacuum 
and positive nitrogen pressure (10 x). The mixture is heated to 95°C for 4 days and then 
cooled to room temperature. The reaction mixture is partitioned between EtOAc (500 mL) 
and water (500 mL). The organic phase is washed with water (2 x 250 mL), brine (500 mL) 
and then dried (MgSC> 4 ) and concentrated by rotary evaporator. The crude product is 
purified using flash chromatography (7-14% EtOAc/hexanes). After evaporation of the 
appropriate fractions the product is further purified by treating a solution in Et 2 0 (100 mL) 
with charcoal, followed by filtration through Celite and evaporation. A/-(2-chloro-5- 
cyc.opropy.-6-fluorophenyD-carbamic acid methyl ester is obtained as a white crystalt.ne 

solid (m.p. 100-102°C). 

/V-(2-chloro-5-cyclopropyl-6-fluorophenyl)-carbamic acid methyl ester (2.3 g, 
9 4 mmol) is dissolved in MeOH (50 mL), water (50 mL) and 30% NaOH solution (50 mL). 
The reaction mixture is heated to reflux temperature for 3 days and then cooled to room 
temperature The reaction is concentrated by rotary evaporator to remove most of the 
methanol and then partitioned between Et 2 G (250 mL) and water (250 mL). The aqueous 
phase is extracted again with Et 2 0 (150 mL) and the combined organic layers washed with 
brine (250 mL), dried and concentrated by rotary evaporator. The crude product is purified 
by bulb-to-bulb distillation. 2-Chloro-5-cyclopropyl-6-fluorcaniline is isolated as a colorless 
oil (b.p. 120-135°C at -20 mm of Hg). 
O. 2-Chloro-4-methyl-5-cyclopropyl-6-fluoroaniline 

2-Chloro-5-cyclopropyl-6-fluoroaniline (9.4 g, 50.6 mmol) and A/-bromosuccinimide 
(9 4 g 52 8 mmol) are dissolved with stirring in 100 mL of anhydrous DMF. The reaction 
mixture is stirred overnight and then most of the DMF is removed by rotary evaporator under 
high vacuum. The residue is partitioned between 1:1 Et 2 0/hexane (500 mL) and water 
(500 mL). The organic layer is washed with brine (3 x 250 mL). dried (MgSO«) and 
concentrated by rotary evaporator. The crude material is purified using flash 
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chromatography (7%-CH 2 CI 2 /hexanes) to give 2-chloro--4^bromo--5-cyclopropyl-6- 
fluoroaniline as a light orange oil. 

2-Chloro-4-bromo-5-cyclopropyl-6-fluoroaniline (14.0 g, 53 mmol), trimethylboroxine 
(13.4g of 50% solution in THF, 53 mmol), tetrakis(triphenylphosphine)palladium(0) (2.5 g, 
2.2 mmol) and potassium carbonate (14.0 g, 101 mmol) are combined and stirred in 250 mL 
of a 4:1 DME/water solution. The mixture is degassed by repeated alternating application of 
vacuum and positive nitrogen pressure (10 x). The mixture is heated to reflux temperature 
for 2 days and then cooled to room temperature. Most of the DME is removed by rotary 
evaporator and the residual mixture is partitioned between Et 2 0 (500 mL)and water 
(500 mL). The organic phase is washed with brine (3 x 250 mL), dried (MgS0 4 ) and ' 
concentrated by rotary evaporator. The crude product is purified using flash 
chromatography (5% CH 2 CI 2 /hexanes) to give 2-chloro-4-methyl-5-cyclopropyl-6- 
fluoroaniline a light yellow oil. 

P. 2-Fluoro-4-chloro-6-cyc1opropylaniline 

6-Bromo-4-chloro-2-fluoroaniIine (2.0 g, 8.91 mmol), cyclopropylboronic acid (1.53 g, 
17.8 mmol), K 3 P0 4 (6.61 g, 31.2 mmol) and tricyclohexyl phosphine (0.249 g, 0.89 mmol) 
are dissolved in toluene (31 mL) and water (10 mL). The solution is degassed with N 2 , 
heated to 90°C, and Pd(OAc) 2 (0.25 g, 1.16 mmol) is added. The reaction mixture is heated 
at 100 C C for 18 hours, cooled over 48 hours and loaded directly on a column of silica gel for 
purification by column chromatography (EtOAc/hexanes) to give 2-fluoro-4-chloro-6- 
cyclopropylaniline. 

Q. 2-Chloro-4-cyclopropyl-5-methyl-3,6-dif1uoroaniline 

1.4- Dibromo-2,5-difluorobenzene (100 g, 0.37 mol) is dissolved in concentrated 
sulfuric acid (200 g) and treated with fuming nitric acid (56 g, 0.44 mol, HN0 3 content >90%) 
by drop-wise addition at an internal temperature that is maintained between 50-60°C. After 
the addition is complete, the mixture is cooled to room temperature and stirred for 12 hours, 
then poured into ice-water (1000 mL). The suspension is extracted with EtOAc (3 x 

500 mL). The combined organic extracts are dried (MgS0 4 ) and concentrated by rotary 
evaporator to give 2,5-dibromo-3,6-difluoronitrobenzene as an oily yellow solid. 

2.5- Dibromo-3 1 6-difluoronitrobenzene (120 g, 0.37 mol) is dissolved in a mixture of 
ethanol (300 mL) and concentrated HCI (500 mL). The mixture is heated to 80°C and 
treated with iron powder (100 g, 1.78 mol) by portion-wise addition over 2 hours. After 
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stirring for an additional-hour, the mixture is-eooled-to room-temperature-and EtOAc 

(800 ml) is added. The solids are removedby-filtration-andthenthe solution-concentrated 

by rotary evaporator to remove most of the solvent. The residue is partitioned between 

EtOAc (1000 ml) and water (500 ml). The organic layer is washed with brine (2 x 250 ml), 

dried (MgS04) and concentrated by rotary evaporator to give a brown oil. The crude 

product is then purified using flash chromatography (9: 1 hexanes/EtOAc) to give 

2,5-dibromo-3,6-difluoroaniline. 

2,5-Dibromo-3,6-difluoroaniline (50g, 0.17 mol) is dissolved in glacial acetic acid 
(100 ml), stirred at room temperature, and treated with acetic anhydride (50g, 0.49 mol). 
The reaction mixture becomes warm and is then allowed to cool to room temperature over 
the next 3 hours. The mixture is poured into EtOAc (500 ml) and extracted with water (2 x 
300 ml), saturated sodium bicarbonate solution (2 x 300 ml) and then brine (2 x 300 ml). 
The solvent is removed by rotary evaporator and the residue triturated with a mixture of 
hexanes and Et 2 0 (2:1) to give 2,5-dibromo-3,6-difluoroacetanilide as a tan solid. 

Copper(l) chloride (13.2 g, 0.13 mol) and Copper(ll) chloride (18.0 g, 0.13 mol) are 
stirred in anhydrous DMF (150 ml) for 20 minutes. 2,5-Dibromo-3,6-difluoroacetanilide 
(44 g, 0.13 mol) is added and the mixture stirred at 80°C for 4 hours, after which the 
temperature is increased to 100°C for 16 hours. After cooling to room temperature most of 
the DMF is removed by rotary evaporator under high vacuum and the residue partitioned 
between EtOAc (500 ml) and water (500 ml). The organic layer is washed with brine (5 x 
250 ml), dried (MgSO<) and concentrated by rotary evaporator. The crude product is 
purified using flash chromatography (4:1, hexanes/EtOAc) to give 2-chloro-5-bromo-3,6- 
difluoroacetanilide as a white solid (m.p. 164-168°C). 

2-Chloro-5-bromo-3,6-difluoroacetanilide (10 g, 35 mmol), trimethylboroxine (8.8 g of 
50% solution in THF, 35 mmol), tetrakis(triphenylphosphine )palladium(0) (0.8 g, 0.7 mmol) 
and potassium carbonate (8.6 g, 62 mmol) are combined and stirred in 120 ml of a 5:1 
DME/water solution. The mixture is degassed by repeated alternating application of vacuum 
and positive nitrogen pressure (10 x). The mixture is heated to reflux temperature for 2 days 
and then cooled to room temperature. Most of the DME is removed by rotary evaporator 
and the residual mixture is partitioned between EtOAc (250 ml)and water (250 ml). The 
organic phase is washed with brine (3 x 150 ml), dried (MgSO<) and concentrated by rotary 
evaporator. The crude product is purified using flash chromatography (10% EtOAc/hexanes) 
to give 2-chloro-5-methyl-3,6-difluoroacetanilide as a white solid. 
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.^Chloro-5-methyl-3,6-difluoroacetanilid^^ 
EtOH (50 mL) and concentFited HCI (50Wand heated to reflux temperature for 12 hours. 
After cooling to room temperature most of the solvent is removed by rotary evaporator and 
the residue is treated with 1 N NaOH solution (500 mL) and extracted with Et 2 0 (3 x 
150 mL). The combined organic extracts are washed with brine (2 x 250 mL), dried (MgSO«) 
and concentrated by rotary evaporator. The residue is purified using flash chromatography 
(9:1 hexanes/EtOAc) to give 2-chloro-5-methyl-3.6-difluoroaniline. 

A solution of 2-chloro-5-methyl-3,6-difluoroaniline (5.0 g, 28 mmol) in anhydrous 
methanol (25 mL) is treated with elemental bromine (5.0 g, 3,1 mmol) at room temperature. 
After stirring for 12 hours, most of the solvent is removed by rotary evaporator and the 
residue partitioned between EtOAc (250 mL) and water (250 mL). The organic phase is 
washed with brine (150 mL), dried (MgS0 4 ) and concentrated by rotary evaporator. The 
crude product is purified using flash chromatography (7% EtOAc/hexanes) to give 2-chloro- 
4-bromo-5-methyl-3,6-difluoroaniline as a tan solid. 

A mixture of 2-chloro-4-bromo-5-methyl-3,6-difluoroaniline (7.0 g, 27 mmol) 
cyclcpropylboronic acid (3.5 g, 41 mmol), pa..adium(l.) acetate (0.67 g, 3.0 mmol), potassium 
phosphate (17.5 g, 82 mmol) and tricyclohexylphosphine (0.83 g, 3.0 mmol) is dissolved in 
100 mL of 4:1 toluene/water. The mixture is degassed by repeated alternating applications 
of vacuum and positive nitrogen pressure (10 x). The mixture is heated to 95*C for 2 days 
and then cooled to room temperature. Most of the toluene is removed by rotary evaporator 
and the residual mixture is partitioned between Et 2 0 (250 mL)and water (250 mL). The 
organic phase is washed with brine (3 x 250 mL), dried (MgSO.) and concentrated by rotary 
evaporator. The crude product is purified using flash chromatography (10% EtOAc/hexanes) 
to give 2-chloro-4-cyclopropyl-5-methyl-3,6-difluoroaniline as a tan oil. 

R. i-Chloro-3-fluoro-2-aminonaphthalene 

To a solution of 3-amino-2-naphthoic acid (374 g, 20 mmol) and 48% fluoroboric 
acid (2 07 g 30 mmol) in 10 mL of H 2 0 cooled to 0°C is added dropwise a solution of NaNO z 
(2 07 g 30 mmol) in 15 mL of H 2 0. The mixture is stirred at 0°C for 1 hour. The mixture ,s 
filtered and the solids washed with cold H 2 Q, then MeOH, then Et 2 0. The remaining solid is 
dried in vacuo at 40°C for 2 days. The solid is suspended in xylene and heated to reflux for 
8 hours and then cooled to room temperature. To the mixture is added hexane. The sol.d .s 
filtered and washed with CH 2 CI 2 , and dried to give 3-fluoro-2-naphthoic acid as a brown 
solid. A mixture of this solid and 80 mL of 1,4-dioxane is added to DPPA (4.5 mL, 
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20 9 mmol) Then 3.88.mL (27.9 mmol) ot Et 3 N.is-added and-the-mixt U re-is-stirred for 
2 hours at room temperature-under an atmosphere-of-nitrogen. Ethanol (Srl-mLr 1-39 mmol) 
is added, the mixture is heated to reflux for 2 hours, concentrated in vacuo and the residue 
diluted with 200 mL of EtOAc. The solution is washed with 5% aqueous Na 2 C0 3 (50 mL), 
brine (50 mL), dried over MgSO« and evaporated to dryness to give a solid that is purified by 
flash chromatography on silica gel (100% CH 2 CI 2 ) to give A/-(3-fluoro-2-naphthyl)carbam.c 
acid ethyl ester. 

To a solution of W-(3-fluoro-2-naphthyl)carbamic acid ethyl ester (0.91 g, 3.9 mmol) in 
10 mL of HOAc heated to 50°C is added dropwise 0.3 mL (3.9 mmol) of SO z CI 2 . The 
mixture is stirred for 1 .5 hours at 60°C and then poured over 20 g ice. The mixture is 
extracted 4 times with 30 mL of CH 2 CI 2 and the combined organic layers are washed w.th 
saturated aqueous NaHC0 3 (50 mL), brine (50 mL), dried over MgSO. and evaporated to 
dryness to give /V-(1-chloro-3-fluoro-2-naphthyl)carbamic acid ethyl ester as a brown sol.d. 
A mixture of this solid and 3.14 g (74.7 mmol) of LiOH H 2 D in 30 mL of 30% EtOH/H 2 0 is 
heated to reflux and stirred overnight. The solvents are evaporated in vacuo and the res.due 
is extracted 3 times with 30 mL CH 2 CI 2 . The combined organic layers are washed 3 t.mes 
with 20 mL saturated aqueous brine, dried over MgSO. and evaporated to dryness to give 
1-chloro-3-fluoro-2-aminomaphthalene as a brown solid. 

S. 3-Chloro-2-aminonaphthalene 

To a flask containing 35 mL of concentrated H 2 SO« is added 3.31 g NaN0 2 
(47 9 mmol) slowly over 15 minutes. The mixture is stirred an additional 15 minutes before 
being cooled to room temperature in a cold water bath. A solution of 8.14 g 3-am.no-2- 
naphthoic acid (43.5 mmol) in 65 mL HOAc is added slowly dropwise, keeping the react.on 
temperature below 40°C. The mixture is stirred for 30 minutes and then poured carefully .nto 
an ice-cold solution of 10.14 g CuCI (102.2 mmol) in 65 mL of concentrated HCI. The 
mixture is heated to 80°C and stirred for 30 minutes before adding 200 mL of H 2 0. After 
stirring an additional 15 minutes, the mixture is filtered and washed with H 2 0 to give a gray 
solid The solid is dissolved in 500 mL of CH 2 CI 2 and the solution is washed 2 t.mes w,th 
100 mL saturated aqueous brine and dried over Na 2 SO<. Evaporation of the solvents g.ves 
a solid that is dried in vacuo to give 3-chloro-2-naphthoic acid as a brown solid. 

To a solution of 1 .70 g of 3-chloro-2-naphthoic acid (8.23 mmol) in 50 mL of 
1 4-dioxane is added 2.3 mL of triethylamine (16.45 mmol) followed by 2.7 mL of DPPA 
(12.34 mmol). The mixture is stirred for 2 hours at room temperature under an atmosphere 
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of nitrogen. Then 4.8 mL (82.3 mmol) of EtOH is added and the-reaotion is-heated to reflux 
and stirred for an additional 2 hours. The solvents are evaporated in vacuo and the 
remaining residue is dissolved in 50 mL of EtOAc and washed with 20 mL of 5% aqueous 
citric acid, 20 mL of 5% Na 2 C0 3 and dried over MgSO<. The solvents are evaporated to give 
a residue that is purified by flash chromatography on silica gel (50% CH 2 CI 2 /hexane) to give 
/V-(3-chloro-2-naphthy!)carbamic acid ethyl ester as a yellow oil. 

A mixture of 2.94 g (11.77 mmol) of /V-(3-chloro-2-naphthyl)carbamic acid ethyl ester, 
and 7.93 g (141 .2 mmol) KOH in 80 mL of EtOH is heated to reflux for 7 hours under an 
atmosphere of nitrogen. After cooling to room temperature, the solvent is evaporated 
in vacuo giving a residue to which ice is added. The mixture is extracted 3 times with 30 mL 
of CH 2 CI 2 . The combined organic layers are dried over Na 2 S0 4 and the solvents evaporated 
to give 3-chloro-2-aminonaphthalene as a brown solid. 

T. 1,3-Dichloro-2-aminonaphthalene 

To a solution of 0.48 g (2.7 mmol) of 3-chloro-2-aminonaphthalene in 2 mL of HOAc 
heated to 50°C is added 0.8 mL (2.7 mmol) of S0 2 CI 2 . The mixture is stirred at 60°C for 
1 hour and then poured over 15 g of ice. The mixture is adjusted to pH 4 with saturated 
aqueous NaHC0 3 and extracted 3 times with 20 mL of CH 2 CI 2 . The combined organic 
layers are washed 2 times with saturated brine, dried over MgS0 4 and the solvents 
evaporated to give 1 ,3-dichloro-2-aminonaphthalene as a brown solid. 

U. 1-Fluoro-2-aminonapthalene 

A solution of 3.05 g (21.3 mmol) of 2-aminonaphthalene and 3.56 mL (25.6 mmol) of 
triethylamine in 100 mL of CH 2 CI 2 is cooled to 0°C, and 1.59 mL (22.4 mmol) of acetyl 
chloride is added dropwise. The reaction is allowed to warm to room temperature and is 
stirred under an atmosphere of nitrogen for 4 hours. The mixture is diluted with 100 mL of 
CH 2 CI 2 and washed with 50 mL each of 1 N HCI, H 2 0, saturated aqueous NaHC0 3 and 
brine. The organic layer is dried over MgS0 4> filtered and the solvent evaporated to give 
2-acetylaminonaphthalene as a brown solid. 

A mixture of 1.95 g (10 mmol) of 2-acetylaminonaphthalene, and 7.1 g (20 mmol) of 
V(chloromethyl)-4-fluoro-1,4-dia2oniabicyclo[2.2.2]octane £>/s(tetrafluoroborate) 
(Selectfluor^ in 30 mL of CH 3 CN is heated to reflux under an atmosphere of nitrogen for 
24 hours. After cooling to room temperature, 50 mL of EtOAc is added and the mixture is 
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washed with H 2 0 and dried over MgS0 4 - Evaporation of-the solvents-gives a syrup that is 
purified by flash chromatography on silica~gel~(25% EtOAc/hexahe) to g1ve"1-fluoro r 2~ 
acetylaminonaphthalene. 

A mixture of 1.31 g (6.43 mmol) of 1-fluoro-2-acetylaminonaphthalene in 15 mL of 
6 N HCI and 15 mL of EtOH under a nitrogen atmosphere is heated to reflux for 3 hours and 
then allowed to cool to room temperature. The reaction is neutralized with saturated 
aqueous NaHC0 3 and extracted 3 times with 30 mL of CH 2 CI 2 . The combined organic 
layers are washed 2 times with 20 mL saturated brine, dried over MgS0 4 and the solvents 
evaporated to give 1-fluoro-2-aminonaphthalene. 

V. 1-Fluoro-3-chloro-2-aminonaphthalene 

A mixture of 2.50 g (10 mmol) of N-(3-chloro-2-naphthyl)carbamic acid ethyl ester 
and 7.1 g of Selectfluor® (20 mmol) in 30 mL of ChUCN is heated to reflux under an 
atmosphere of nitrogen for 16 hours. After cooling to room temperature, the solids are 
filtered and the solvent is evaporated to give a residue that is diluted with 200 mL of EtOAc. 
The mixture is washed 3 times with 50 mL of H 2 0, once with 50 mL of saturated brine and 
dried over MgSC> 4 . Evaporation of the solvents gives a residue that is purified by flash 
chromatography on silica gel (100% CH 2 CI 2 ) to give A/-(1-fluoro-3-chloro-2- 
naphthyl)carbamic acid ethyl ester. 

A mixture of 1.43 g (5.34 mmol) of A/-(1-fluoro-3-chloro-2-naphthyl)carbamic acid 
ethyl ester, and 4.48 g (106.8 mmol) LiOH H 2 0 in 30 mL of EtOH and 70 mL of H 2 0 is 
heated to reflux for 16 hours under an atmosphere of nitrogen. After cooling to room 
temperature, the mixture is concentrated in vacuo to give a residue that is extracted 3 times 
with 30 mL CH 2 CI 2 . The combined organic layers are washed with 30 mL of saturated 
aqueous NaHC0 3l 30 mL of saturated brine, dried over MgS0 4 and the solvents evaporated 
to give 1-fluoro-3-chloro-2-aminonaphthalene as a brown solid. 

W. 1 ,3-Difluoro-2-aminonaphthalene 

A mixture of 1.63 g (7 mmol) of A/-(3-fluoro-2-naphthyl)carbamic acid ethyl ester, and 
2.73 g of Selectfluor® (7.7 mmol) in 10 mL of trifluoroacetic acid is heated to 70°C under an 
atmosphere of nitrogen for 4 hours. After cooling to room temperature, the mixture is 
concentrated in vacuo and 30 mL of ice water is added. The mixture is extracted 3 times 
with 40 mL of CH 2 CI 2 . The combined organic layers are washed with 40 rnL each of H 2 p, 
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saturated-aqueous-NaHCO 3 rSaturated-brine r Glried-over-MgS04— Evaporation of the solvents 
gives a residue that is purified by flash chromatography on silica gel (50% CH 2 CI 2 /hexane) to 
give /V-(1,3-difluoro-2-naphthyl)carbamic acid ethyl ester, which is hydrolyzed to 1 ,3-difluoro- 
2-aminonaphthaIene under conditions described above. 

X. 1-Chloro-74rifluoromethyl-2-aminonaphthalene 

To a solution of 2,7-dinitronaphthalene (500 mg, 2.29 mmol) in methanol (5 mL) 
heated to reflux, is added over 15 minutes, a solution of sodium hydrosulfide (196 mg, 
3.44 mmol) in methanol (5 mL) and water (10 mL). The reaction mixture is heated at reflux 
for 30 minutes and then poured into ice-water and filtered to give an orange solid. After 
washing the solid with boiling 10% aqueous HCI, the filtrate is basified with solid NaOH and 
extracted with EtOAc. The organic layer is dried (Na 2 S0 4 ) and the solvents are evaporated 
to give 7-nitro-2-aminonaphthalene as a bright orange solid. 

A suspension of 7-nitro-2-aminonaphthalene (260 mg, 1.38 mmol) in concentrated 
HCI (10 mL) is cooled to 0°C. Sodium nitrite (105 mg, 1.53 mmol) is added in portions and 
the reaction is allowed to stir at 0°C for 30 minutes. A solution of iodide (175 mg, 
253.8 mmol) and potassium iodide (459 mg, 2.76 mmol) in water (5 mL) is added dropwise. 
After stirring at 0°C for 1 hour, the solid is removed by filtration. The solid is dissolved in 
EtOAc and washed with sodium metabisulfite solution, water and brine. The organic layer is 
dried (Na 2 S0 4 ) and the solvents evaporated to give 2-iodo-7-nitronaphthalene as an orange 
solid. 

A mixture of 2-iodo-7-nitronaphtha1ene (1 g, 3.34 mmol), trifluoromethyliodide 
(0.328 mL, 4.01 mmol) and copper powder (2.55 g, 40.1 mmol) in pyridine (20 mL) in a 
sealed tube is heated with stirring at 120°C for 20 hours. After cooling, the reaction mixture 
is filtered and extracted with EtOAc. The organic extracts are washed with water, 0.1 M 
citric acid solution and dried (Na 2 S0 4 ). Concentration and purification of the residual oil by 
flash chromatography on silica gel (2:1 hexanes/EtOAc) gives 2-nitro-7- 
trifluoromethylnaphthalene as a yellow solid. 

A mixture of 2-nitro-7-trifluoromethylnaphthalene (650 mg, 2.7 mmol) and Raney 
nickel (65 mg) in methanol (10 mL) is stirred under H 2 (1 atm) for 1 hour. Filtration of the 
catalyst and evaporation of the solvent gives 7-trifluoromethyl-2-aminonaphthalene as a 
yellow solid. 
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To a solution of 7-trifluoromethyl-2--aminonaphthalene-(550~mg— 2.60-mmol) and 
triethylamine (1.09 mL, 7.81 mmol) in dichloromethane (10 mL) at room temperature is 
added acetyl chloride (0.222 mL, 3.13 mmol) dropwise. After stirring at room temperature 
for 1.5 hours, the mixture is partitioned between dichloromethane and water. The organic 
layer is washed with 0.1 M citric acid solution, brine, dried (MgS0 4 ) and concentrated by 
rotary evaporator to give 7-trifluoromethyl-2-acetamidonaphthalene as a light yellow solid. 

A mixture of 7-trifluoromethyl-2-acetamidonaphthalene (620 mg, 2.45 mmol), 
/V-chlorosuccinimide (326 mg, 2.45 mmol) and 1 M HCI in acetic acid (2.45 mL, 2.45 mmol) 
in acetic acid (10 mL) is heated at 50°C under a N 2 atmosphere for 1 hour. After cooling to 
room temperature, the mixture is partitioned between EtOAc and water. The organic layer is 
washed with brine, dried (Na 2 S0 4 ) and concentrated by rotary evaporator to give 1-chloro-7- 
trifluoromethyl-2-acetamidonaphthalene as an off-white solid. 

A mixture of 1-chloro-7-trifluoromethyl-2-acetamidonaphthalene (700 mg, 
2.43 mmol), water (3 mL) and concentrated sulfuric acid (3 mL in ethanol (6 mL) is heated to 
reflux temperature under a N 2 atmosphere for 1 hour. After cooling to room temperature, the 
mixture is extracted with EtOAc. The extracts are washed with water, brine, dried (Na 2 S0 4 ) 
and concentrated. Flash chromatography on silica gel (3:1 hexanes/EtOAc) gives 1-chloro- 
7-trifluoromethyl-2-aminonaphthalene as a white solid. 

Y. 1 -Chloro-6-methoxy-2-aminonaphthalene 

To a suspension of 6-hydroxy-2-naphthoic acid (5 g, 26.6 mmol) and triethylamine 
(7.39 mL, 53.1 mmol) in 1,4-dioxane (50 mL) at room temperature, is added DPPA (8.59 mL, 
39.9 mmol). After stirring at room temperature for 2.5 hours, ethanol (15.5 mL, 266 mmol) is 
added and the reaction is heated to reflux temperature overnight. After cooling to room 
temperature, the mixture is partitioned between EtOAc and water. The organic layer is 
washed with brine, dried (Na 2 S0 4 ) and concentrated by rotary evaporator to give an oil. 
Flash chromatography on silica gel (5% methanol in dichloromethane) gives A/-(6-hydroxy-2- 
naphthyl)carbamic acid ethyl ester as a white solid. 

To a solution of /V-(6-hydroxy-2-naphthyl)carbamic acid ethyl ester (1 g, 4.32 mmol) 
and triethylamine (1.80 mL, 13 mmol) in dichloromethane (20 mL) at room temperature, is 
added acetyl chloride (0.369 mL, 5.19 mmol) dropwise. After strring at room temperature for 
3 hours, the reaction mixture is concentrated and purified by flash chromatography on silica 
gel (2:1 hexane/EtOAc) to give /V-(6-acetyloxy-2-naphthyl)carbamic acid ethyl ester as a 
white solid. 
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fixture of /^(eracetyloxy^-naphthyOcarbaraic-acid ethyl-ester-(67-0-mg- — 

2.45 mmol), A/-chlorosuccinimide (326 mg, 2.45 mmol) and 1 M HCI in acetic acid (2.45 ml_, 
2.45 mmol) in acetic acid (10 mL) is heated at 50°C under N 2 atmosphere for 1 hour. After 
cooling to room temperature the mixture is partitioned between EtOAc and water. The 
organic layer is washed with brine, dried (Na 2 S0 4 ) and concentrated by rotary evaporator to 
give A/-(6-acetyloxy-1-chloro-2-naphthyl)carbamic acid ethyl ester as a white solid. 

A mixture of A/-(6-acetyloxy-1-chloro-2-naphthyl)carbamic acid ethyl ester (375 mg, 
1.34 mmol) and KOH (903 mg, 16.1 mmol) in ethanol (10 mL) is heated to reflux 
temperature under N 2 atmosphere for 4.5 hours. The reaction mixture is concentrated by 
rotary evaporator under high vacuum. The residual oil is partitioned between EtOAc and 
water. After acidification (2 N HCI), the organic layer is separated, washed with brine and 
dried (MgS0 4 ). Concentration by rotary evaporator gives 1-chloro-2-amino-6-naphthol as a 
brown solid. 

A mixture of 1-chloro-2-amino-6-naphthol (250 mg, 1.29 mmol), benzaldehyde 
(0.144 mL, 1.42 mmol) and Na 2 S0 4 in THF (10 mL) is heated to reflux temperature 
overnight. After cooling to room temperature, the reaction mixture is filtered, washed with 
EtOAc and concentrated by rotary evaporator to give a brown residue, which is used directly 
in the next step. 

A mixture of the above residue (360 mg, 1.28 mmol), NaOH (102 mg, 2.56 mmol) 
and methyl iodide (0.159 mL, 2.56 mmol) in acetone (10 mL) is stirred at room temperature 
for 2 hours. After concentration, the obtained crude product is used in the next step. 

A solution of the above crude product (378 mg, 1.28 mmol) in THF (10 mL) is treated 
with 2 N HCI (20 mL). After stirring at room temperature overnight, the reaction mixture is 
partitioned between EtOAc and water. The organic layer is washed with brine, dried 
(Na 2 S0 4 ) and concentrated by rotary evaporator. The residual oil is purified by flash 
chromatography on silica gel (2:1 hexanes/EtOAc) to give 1 -chloro-6-methoxy-2- 
aminonaphthalene. 

2. 1 -Chloro-6-fluoro-2-aminonaphthalene 

To a solution of 6-amino-2-naphthoic acid (1 g, 5.34 mmol) in ethanol (20 mL), is 
added dropwise thionyl chloride (0.622 mL, 10.7 mmol). The resulting reaction solution is 
heated to reflux temperature under a N 2 atmosphere for 3 hours. Concentration and 
trituration with methanol gives 6-amino-2-naphthoic acid ethyl ester as a brown oil. 
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* 1 

— Admixture of 6-amino-2-naphthoie-acid ethyl ester-(500-mg— 2r32-mmol) and 
nitrosonium tetrafluoroborate (298 mg, 2.56 mmol) in 1,2-dichlorobenzene (10 mL) is stirred 
at room temperature for 12 hours and at 1 10°C for 1 hour. After cooling to room 
temperature, the reaction mixture is concentrated by rotary evaporator under high vacuum. 
The residual oil is purified by flash chromatography on silica gel (dichloromethane) to give 
6-fluoro-2-naphthoic acid ethyl ester as a yellow oil. 

To a solution of 6-fluoro-2-naphthoic acid ethyl ester (600 mg, 2.75 mmol) in ethanol 
(10 mL) at room temperature, is added 1 N NaOH (2.75 mL, 2.75 mmol). After stirring at 
room temperature for 4 hours, water (10 mL) is added. Acidification (2 N HCI) and filtration 
gives 6-fluoro-2-naphthoic acid as a white solid. 

To a suspension of 6-fluoro-2-naphthoic acid (450 mg, 2.37 mmol) and triethylamine 
(0.66 mL, 4.73 mmol) in 1,4-dioxane (30 mL) at room temperature, is added DPPA (0.77 mL, 
3.55 mmol). After stirring at room temperature for 2.5 hours, ethanol (1.38 mL, 23.7 mmol) 
is added and the reaction is heated to reflux temperature for 12 hours. After cooling to room 
temperature, the mixture is partitioned between EtOAc and water. The organic layer is 
washed with brine, dried (Na 2 S0 4 ) and concentrated by rotary evaporator to give an oil. 
Flash chromatography on silica gel (3:1 hexanes/EtOAc) gives A/-(6-fluoro-2- 
naphthyl)carbamic acid ethyl ester as an oil. 

A mixture of /V-(6-f1uoro-2-naphthyl)carbamic acid ethyl ester (548 mg, 2.35 mmol), 
/V-chlorosuccinimide (313 mg, 2.35 mmol) and 1 M HCI in acetic acid (2.35 mL, 2.35 mmol) 
in acetic acid (20 mL) is heated at 50°C under N 2 atmosphere for 1 hour. After cooling to 
room temperature, water (10 mL) is added. The resulting precipitate is removed by filtration 
to give A/-(1-chloro-6-fluoro-2-naphthyl)carbamic acid ethyl ester as a yellow solid. 

A mixture of /V-(1-chloro-6-fluoro-2-naphthyl)carbamic acid ethyl ester (600 mg, 
2.24 mmol) and KOH (1.51 g, 26.9 mmol) in ethanol (20 mL) is heated to reflux temperature, 
under N 2 atmosphere for 12 hours. After cooling, the reaction mixture is concentrated by 
rotary evaporator. The residual oil is purified by flash chromatography on silica gel 
(3:1 hexanes/EtOAc) to give 1-chloro-6-fluoro-2-aminonaphthalene as a brown solid. 

AA ; 1 ,6-Dichloro-2-aminonaphthalene 

Sodium nitrite (811 mg, 11.8 mmol) is added over a period of 15 minutes to 
concentrated sulfuric acid (10 mL) while stirring. The mixture is heated to 70°C for 
15 minutes. After cooling to room temperature, a solution of 6-amino-2-naphthoic acid (2 g, 
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10.7 mmol)"in acetic acid (10 mL) is adde^To^isT^tTUcFa rMelhanfTe ! temperature is 
kept below 40°C. After stirring at 40°C for an additional 30 minutes, the reaction mixture is 
poured into an ice-cooled solution of copper(l) chloride (2.54 g, 25.6 mmol) in concentrated 
HCI (30 mL). After stirring at 80°C for 30 minutes, water (80 mL) is added. The precipitate 
is collected and purified by flash chromatography on silica gel (5% methanol in 
dichloromethane) to give 6-chloro-2-naphthoic acid as a brown solid. 

To a suspension of 6-chloro-2-naphthoic acid (1 g, 4.84 mmol) and triethylamine 
(1.35 mL, 9.68 mmol) in 1,4-dioxane (20 mL) at room temperature, is added DPPA (1.56 mL, 
7.26 mmol). After stirring at room temperature for 2.5 hours, ethanol (2.82 mL, 48.4 mmol) 
is added and the reaction is heated to reflux temperature for 12 hours. After cooling to room 
temperature, the mixture is partitioned between EtOAc and water. The organic layer is 
washed with brine, dried (Na 2 S0 4 ) and concentrated by rotary evaporator to give an oil. 
Flash chromatography on silica gel (3:1 hexanes/EtOAc) gives A/-(6-chloro-2- 
naphthyl)carbamic acid ethyl ester as a white solid. 

A mixture of A/-(6-chloro-2-naphthyl)carbamic acid ethyl ester (725 mg, 2.90 mmol), 
N-chlorosuccinimide (387 mg, 2.90 mmol) and 1 M HCI in acetic acid (2.90 mL, 2.90 mmol) 
in acetic acid (20 mL) is heated at 50X under N 2 atmosphere for 1 hour. After cooling to 
room temperature, water (10 mL) is added and extracted with EtOAc. The organic layer is 
washed with brine, dried (Na 2 S0 4 ) and concentrated by rotary evaporator to give A/-(1,6- 
dichloro-2-naphthyl)carbamic acid ethyl ester as a yellow solid. 

A mixture of A/-(1,6-dichloro-2-naphthyl)carbamic acid ethyl ester (750 mg, 
2.64 mmol) and KOH (1.78 mg, 31.7 mmol) in ethanol (20 mL) is heated to reflux 
temperature under a N 2 atmosphere for 12 hours. After cooling to room temperature, water 
(10 mL) is added. The resulting precipitation is removed by filtration to give 1 ,6-dichloro-2- 
aminonaphthalene as a solid. 

BB. 1 -Chloro-7-fluoro-2-aminonaphthalene 

A mixture 7-nitro-2-aminonaphthalene (1 g, 5.31 mmol) and nitrosonium 
tetrafluoroborate (931 mg, 7.97 mmol) in dichloromethane (10 mL) is stirred at room 
temperature for 12 hours and at 1 10°C for 1 hour. After cooling to room temperature, the 
reaction mixture is concentrated by rotary evaporator under high vacuum. The residual oil is 
purified by flash chromatography on silica gel (3:1 hexanes/EtOAc) to give 7-fluoro-2- 
nitronaphthalene as a dark red solid. 
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-7-Fluoro-2-nitronaphthalene is converted to-1-chloro=7--fluoro=2=aminonaphthalene 
similarly to steps described for the preparation of 1-chloro-7-trifluoromethyl-2- 
aminonaphthalene. 

CC. 4-Aminoquinolines 

(a) 4-Amino-7-chloro-2-trifluoromethylquinoline 

A mixture of 7-chloro-2-trifluoromethyl-4-quinolinol (4 g, 16.2 mmol) in phosphorus 
oxychloride (7.55 mL, 81 mmol) is heated at reflux temperature for 3 hours. After cooling to 
room temperature, ice (200 g) is added, the mixture is neutralized with NaHC0 3 and 
extracted with EtOAc. The organic layer is washed with brine, dried (Na 2 S0 4 ) and 
concentrated by rotary evaporator. The resulting tan residue is purified by flash 
chromatography on silica gel (1% ether in hexanes) to give 4,7-dichloro-2- 
trifluoromethylquinoline as a solid. 

A solution of 4,7-dichloro-2-trifluoromethylquinoline (2 g, 7.52 mmol) in dioxane 
(10 mL) and NH 3 (2 mL) are mixed at -78X in a sealed tube. After sealing and warming up 
to room temperature, the reaction is heated at 60-70°C for 19 hours and at 120°C for 
3 hours. The sealed tube is cooled to -78"C before it is opened and the contents are 
concentrated by rotary evaporator. 4-Amino-7-chloro-2-trifluoromethylquinoline is obtained 
as a solid by trituration of the residue with ether. 

(b) 4-Amino-2,7-tois(trif1uoromethyl)quinollne 

4-Amino-2,7-b/s(trifluoromethyl)quinoline is similarly prepared from 4-chloro-2,7- 
bis(trifluoromethyl)quinoline using ammonia in methanol and is purified by flash 
chromatography on silica gel (10% EtOAc in hexanes). 

(c) 4-Amino-7-fluoroquinoline 

4-Amino-7-fluoroquinoline is similarly prepared from 4-chloro-7-fluoroquinoline. 

(d) 4-Amino-6-fluoro-2-(trifluoromethyl)quinoline 

A mixture of 4-chloro-6-fluoro-2-(thfluoromethyl)quinoline (1 g. 4.01 mmol) and NH 3 
(3 mL) in ethylene glycol (20 mL) is prepared at -78°C in a sealed tube. After warming up to 
room temperature, the sealed tube is gradually heated to 100°C overnight. After cooling to 
-78°C, the sealed tube is opened and the contents are concentrated by rotary evaporator. 
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The FesiclueTs purified by flash chromatdgfaphyonsilica ger(1:3EtOAc/hexanesrto give 
4-amino-6-fluoro-2-(trifluoromethyl)quinoline as a light yellow solid. 

Example 2 

2-(lodo or Bromo)-Phenylacetic Acid Ester and Phenylacetamide Starting Materials 
A. Prepared according to, e.g., J Med Chem, Vol. 33, pp. 2358-2368 (1990), U.S. Patent 
No. 6,291,523 and International Application WO 99/11605, starting from the 
corresponding benzoic acid or 2-indolinone, are: 

/V,/V-dimethyl-5-methyl-2-iodophenylacetamide; 
/V,N-dimethyl-5-ethyl-2-iodophenylacetamide; 
N, A/-dimethyl-2-iodophenylacetamide; 
A/,N-dimethyl-5-chloro-2-iodophenylacetamide; and 
A/,A/-dimethyl-5-fluoro-2-iodophenylacetamide. 

B. W,/V-Dimethyl-2-bromo-5-cyclopropylphenylacetamide 

Methyl iodide (13 g, 91.5 mmol) is added to slurry of 2-bromo-5-iodobenzoic acid 
(23 g, 70.4 mmol) and K 2 C0 3 (14.6 g, 106 mmol) in DMF (50 mL) at room temperature. 
After TLC shows complete consumption of the starting material, the reaction is diluted with 
Et 2 0 and washed three times with a saturated aqueous solution of NaCI. The combined 
aqueous layers are extracted once with fresh Et 2 0 and once with EtOAc. The organic layers 
are combined, dried with Na 2 S0 4 , filtered and concentrated to an oil. The oil is diluted with a 
minimal amount of Et 2 0 and filtered through a plug of silica. The silica is rinsed with a 20% 
ether/hexanes mixture. The eluents are concentrated in vacuo to give 2-bromo-5- 
iodobenzoic acid methyl ester as a solid. 

The reaction of the above iodide with cyclopropyl bromide and lnCI 3 according to 
method outlined in J. Am. Chem. Soc. (2001), supra, yields 2-bromo-5-cyclopropylbenzoic 
acid methyl ester as a solid. 

To a solution of 2-bromo-5-cyclopropylbenzoic acid methyl ester (1.82 g) in THF 
(31 mL) is added 9 mL of a 1.0 M solution of LAH in THF by syringe. After 2 hours at room 
temperature, the reaction is quenched with 2 N NaOH and partitioned between ethyl acetate 
and water. The organic phase is separated, washed with brine, dried (Na 2 S0 4 ) and 
concentrated in vacuo to give the corresponding benzyl alcohol as a solid. 
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To a solutio.n-Of- the. above benzyl alcohol_(28_g)Jn ether_(600-mL)_iS-added-RBr 3 .. 
(23 mL) by pipette and the reaction is stirred overnight at room temperature. The reaction is 
quenched by the slow addition of cold H z O. The organic phase is washed with brine, dried 
(Na 2 S0 4 ) and concentrated in vacuo to afford the benzyl bromide as a yellow oil. 

To a solution of the above benzyl bromide (13.2 g) in DMF (150 mL) is added a 
solution of KCN (5.85 g) in water (50 mL). The reaction is heated at 50°C for 90 minutes, 
cooled and partitioned between EtOAc and water. The EtOAc layer is separated, washed 
3 x with brine, dried over Na 2 S0 4 and concentrated in vacuo to afford 2-bromo-5- 
cyclopropylphenylacetonitrile as a light yellow oil. 

To a solution of the above nitrile (12 g) in EtOH (400 mL), is added NaOH (36.6 g) 
and water (200 mL). The reaction is refluxed for 2 hours and cooled to room temperature. 
After the ethanol is removed under reduced pressure, the residue is cooled to 0°C and 
acidified to pH 1-2 with 3 N HCI. The phenylacetic acid is extracted into ethyl acetate and 
the aqueous layer discarded. The organic phase is washed with brine, dried (Na 2 S0 4 ) and 
concentrated in vacuo to afford 2-bromo-5-cyclopropylphenylacetic acid. 

The above acid (23.1 g) is dissolved in CH 2 CI 2 . A/./V-Dimethylamine hydrochloride 
(7.75 g), 182 mL of a 0.5 M solution of HOAt in DMF, NMM (60 mL) and EDCI (35 g) are 
added. The reaction is allowed to stir overnight, washed with a sodium bicarbonate solution 
and brine, and dried with Na 2 S0 4 . The methylene chloride is removed under reduced 
pressure and the residue is diluted with ether before filtering through a plug of silica gel. 
Removal of the ether in vacuo yields /V,A/-dimethyl-2-bromo-5-cyclopropylphenylacetamide. 

C. w,/V-Dimethyl-5-bromo-2-iodophenylacetamide 

5-Bromo-2-iodobenzoic acid (100 g, 0.306 mol) is dissolved in THF (350 mL) and 
cooled in an ice bath. Borane-THF complex (460 mL of 1 M in THF, 0.460 mol) is added 
dropwise. After addition is complete, the reaction is warmed to room temp and stirred for 
14 hours. The mixture is transferred a large erlenmeyer flask (4 L), cooled in an ice bath 
and carefully quenched with water (250 mL). Evaporation of the THF by rotary evaporator 
gives a white suspension which is treated with additional water (1 L) and then filtered and 
dried in a vacuum dessicator over P 2 O s to give 5-bromo-2-iodobenzyl alcohol. 

The above benzyl alcohol is dissolved in 48% HBr (500 mIL and heated at reflux 
temperature for 4 hours. The resulting benzyl bromide is isolated as a yellow solid by 
pouring the cooled mixture into a large volume (1 .5 L) of water followed by filtration. The 
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benzyl bromide is~ciissolved in EtOH (4001riL)"^ncl"stirrea"at room temperatuT^S^iufrf 
cyanide (56 g, 1.14 mol) is dissolved in a minimum amount (-100 mL) of water and then 
added to the ethanolic solution of the benzyl bromide. The reaction is heated to reflux 
temperature for 3 hours and then cooled to room temperature. Ethanol is removed by rotary 
evaporator and the residue washed with a large volume (1 L) of water. The resulting 
5-bromo-2-iodophenylcetonitrile is isolated by filtration. 

The above phenylacetonitrile is dissolved in EtOH (350 mL) and treated with NaOH 
(32 g, 0.8 mol) which had been dissolved in water (200 mL). The reaction is heated at reflux 
temperature for 14 hours. After cooling to room temperature, ethanol is removed by rotary 
evaporator and 6 N HCI added until the pH = 1. The solid 5-bromo-2-iodophenylacetic acid 
that formed is filtered and washed with water (2 x 500 mL). After drying over P 2 0 5 in a 
vacuum dessicator, 5-bromo-2-iodophenylacetic acid (m.p. 165-169°C) (102 g, 0.3 mol) is 
dissolved in CH 2 CI 2 (450 mL) that contains several drops of DMF. Thionyl chloride (32 mL, 
0.450 mol) is added and the reaction heated to reflux temperature overnight. After cooling to 
room temperature, the reaction mixture is diluted with additional CH 2 CI 2 (500 mL) and 
washed with water (2 x 250 mL), saturated NaHC0 3 (250 mL) and brine (250 mL). The 
solution is dried (MgS0 4 ) and concentrated by rotary evaporator to give 5-bromo-2- 
iodophenylactetyl chloride as a yellowish oil. 

Dimethylamine (200 mL of 2 M in THF) is added dropwise to a solution of the above 
5-bromo-2-iodophenylacetyl chloride in Et 2 0 (500 mL), cooled in an ice bath. After the 
addition is complete, EtOAc (350 mL) is added and the solution washed with water (350 mL), 
brine (250 mL) and dried (MgS0 4 ). Evaporation by rotary evaporator and trituration with 1:1 
Et 2 0/hexanes gives A/,A/-dimethyl-5-bromo-2-iodophenylacetamide (m.p. 127-1 29°C). 

D. A/,A/-Dimethyl-5-methoxy-2-bromophenylacetamide 

5-Methoxy-2-bromobenzoic acid (85 g, 0.37 mol) is dissolved in anhydrous THF 
(100 mL) and cooled in an ice-salt bath until the temperature reaches -5°C. Borane-THF 
complex is added dropwise as a 1.0 M solution in THF (736 mL, 0.74 mol) at -5°C. After 
addition is complete, the reaction mixture is slowly warmed to room temperature and stirred 
for 12 hours. Water (40 mL) is slowly added dropwise and the reaction mixture stirred for 
30 minutes. Additional water (350 mL) is added and the mixture is concentrated by rotary 
evaporator to remove most of the THF. The remaining material is extracted with EtOAc 
(800 mL). The organic layer is washed with saturated NaHC0 3 (500 mL), brine (250 mL) 
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and then dried (Na 2 S0 4 ). Upon removal of the solvent by-rotary-evaporatorr5=methoxy-2- 
bromobenzyl alcohol is obtained as a white solid. 

5-Methoxy-2-bromobenzyl alcohol (79.5 g, 0.37 mol) is dissolved in 48% HBr 
(400 mL) and heated to reflux temperature for 4 hours. The reaction mixture is cooled to 
room temperature and poured into water (1500 mL). The solution is extracted with EtOAc 
(2 x 500 mL). The combined organic layers are dried (MgS0 4 ) and concentrated by rotary 
evaporator. The crude material is then purified using flash chromatography 
(CH 2 CI 2 /hexanes, from 1:1 to 4:1) to give 5-methoxy-2-bromobenzyl bromide. 

5-Methoxy-2-bromobenzyl bromide (72.8 g, 0.26 mol) is dissolved in EtOH (280 mL) 
and stirred at room temperature. Sodium cyanide (38.2 g, 0.78 mol) is dissolved in water 
and added to the solution of the bromide. The reaction mixture is heated to reflux 
temperature for 3 hours and then cooled to room temperature. Most of the ethanol is 
removed by rotary evaporator. A solid forms which is isolated by filtration and washed with 
water (500 mL). The crude material is purified using flash chromatography 
(CH 2 CI 2 /hexanes, 1:1) to give 5-methoxy-2-bromophenylacetonitrile (53 g). 

5-Methoxy-2-bromophenylacetonitrile (52.8 g, 0.23 mol) is dissolved in ethanol 
(250 mL) and stirred at room temperature. Sodium hydroxide (9.3 g, 0.47 mol) is dissolved 
in water (150 mL) and added to the solution of the nitrile. The mixture is heated to reflux 
temperature for 12 hours and then cooled to room temperature. Most of the ethanol is 
removed using a rotary evaporator and the residual aqueous solution adjusted to pH 4 with 
3 N HCI. The solid which forms is isolated by filtration and washed with water. Air drying 
gives 5-methoxy-2-bromophenylacetic acid. 

5-Methoxy-2-bromophenylacetic acid (56 g, 0.23 mol) is dissolved in CH 2 CI 2 
(350 mL) and a catalytic amount of DMF is added and the solution stirred and cooled to 0°C. 
Thionyl chloride (41 mL, 0.34 mol) is added dropwise. The reaction mixture is heated at 
reflux temperature overnight and then cooled to room temperature. Solvents are removed 
by rotary evaporator. Twice benzene (500 mL) is added to the residual oil and the benzene 
solution is evaporated by rotary evaporator to remove any additional volatile components. 
The residual oil is crystallized from hexanes to give 5-methoxy-2-bromophenylacetyl 
chloride. 

5-Methoxy-2-bromophenylacetyl chloride (60 g, 0.23 mol) is dissolved in anhydrous 
Et 2 0 (400 mL), stirred and cooled in an ice bath. A 2 M solution of dimethylamine (228 mL, 
0.46 mol) is added dropwise and the mixture allowed to warm to room temperature and 
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stirred for'2 hours: Additional Et 2 0 (500Tnt)-isaciaed: TWSTJigartftn^^ 
1 N HCI (2 x 500 mL), saturated NaHC0 3 (500 mL) and brine (500 mL). The organic layer is 
dried (Na 2 S0 4 ) and concentrated by rotary evaporator. The residue is purified using flash 
chromatography (hexanes/EtOAc. from 7:3 to 1:9). Trituration of the crude product with 
Et 2 0/hexanes gives A/,A/-dimethyl-5-methoxy-2-bromophenylacetamide as a white crystalline 
solid (m.p. 88-90°C). 

E. N,W-Dimethyl-2-iodo-5-trifluoromethoxyphenylacetamide 

4-Trifluoromethoxyaniline (100 g, 0.58 mol), di-fert-butyl carbonate (127 g, 0.58 mol) 
and 1 N NaOH solution (250 mL) are dissolved in THF (200 mL) and stirred at room 
temperature for 12 hours. The reaction mixture is extracted with EtOAc (500 mL). The 
organic layer is washed with 1 N HCI (500 mL), brine (250 mL) and dried (MgS0 4 ). The 
solvent is removed by rotary evaporator to give A/-BOC-4-trifluoromethoxyaniline. 

The above BOC-protected aniline (144 g, 0.52 mol) is dissolved in anhydrous THF 
(800 mL), cooled in a dry-ice/EtOH bath and stirred. f-Butyllithium (672 mL of 1.7 M solution 
in hexanes) is slowly added dropwise. The reaction mixture is warmed to -30°C for 3 hours 
to form the aryllithium. Solid C0 2 (excess, about 100 g) is added to the reaction mixture and 
stirring is continued at -30°C for an additional 2 hours. The reaction is quenched by first 
addition of saturated ammonium chloride (250 mL) and then 1 N HCI solution (500 mL). The 
mixture is extracted with EtOAc (2 x 500 mL). The combined organic layers are washed with 
brine, dried (MgS0 4 ) and concentrated using a rotary evaporator. The residue is triturated 
with hexanes to give 2-(BOC-amino)-5-trifluoromethoxybenzoic acid as a white solid that is 
isolated by filtration. 

The above benzoic acid (120 g, 0.37 mol) is suspended in 1,4-dioxane (200 mL), 
stirred and warmed to 80°C until dissolved. The solution is allowed to cool to room 
temperature and hydrogen chloride is bubbled into the reaction mixture for 30 minutes. 
Stirring is continued for 2 hours, during which time a precipitate forms. The precipitate is 
collected and washed with ice-cold water (1000 mL) and Et z O (500 mL) to give 
5-trifluoromethoxyanthranilic acid as a solid. 

The above 5-trifluoromethoxyanthranilic acid (68.8 g, 0.31 mol) is suspended in a 
mixture of concentrated HCI (50 mL) and water (300 mL), cooled to 0°C and stirred. Sodium 
nitrite (24.2 g 0.35 mol) dissolved in water (50 mL) is slowly added taking care to maintain 
the temperature of the reaction mixture below 5°C. Stirring is continued at 0°C for 
30 minutes. Potassium iodide (91 g, 0.55 mol) is dissolved in a mixture of concentrated 

-52- 



1 « 

H 2 S0 4 -(19_mL) and water_(130 mL) and added dropwise to the reaction_mixture- while 

keeping the temperature of the reaction mixture below 10°C. The mixture is then heated to 
100°C and stirred for 2 hours. After cooling to room temperature, the mixture is partitioned 
between EtOAc (1000 mL) and saturated sodium bisulfite solution (500 mL). The organic 
layer is washed again with saturated sodium bisulfite solution (500 mL) and then brine 
(500 mL), dried (MgS0 4 ) and concentrated by rotary evaporator to give 5-trifluoromethoxy-2- 
iodobenzoic acid. 

The 5-trifluoromethoxy-2-iodobenzoic acid is converted to /V,/V-dimethyl-2-iodo-5- 
trifluoromethoxyphenylacetamide similarly to previously described procedures. 

F. Isopropyl 5-trifluoromethyl-2-iodophenylacetate 

A mixture of 4-aminobenzotrifluoride (100 g, 0.62 mol) and di-terf-butyl carbonate 
(150 g, 0.69 mol) in anhydrous THF (400 mL) is heated at reflux temperature for 6 hours and 
then cooled to room temperature. Most of the solvent is removed using a rotary evaporator 
and the non-volatile material that remains is triturated with water (1000 mL) to form a solid. 
The solid is isolated by filtration and washed with additional water (500 mL), then washed 
with hexanes (500 mL) to give 4-(BOC-amino)benzotrifluoride (m.p. 123-124°C). 

4-(BOC-amino)benzotrifluoride (143 g, 0.55 mol) is dissolved in anhydrous THF 
(800 mL) and cooled in a dry-ice/ethanol bath. A solution of fert-butyllithium (709 mL of 
1.7 M) in pentane is then slowly added via a dropping funnel. After the addition is complete, 
the reaction mixture is allowed to warm to -30°C and stirred, at that temperature, for 2 hours. 
The reaction mixture is cooled to -78°C and an excess amount (100 g) of dry-ice is added. 
The reaction mixture is again allowed to warm to -30°C and stirring is continued for 2 hours 
at -30°C and then at room temperature overnight. The reaction is quenched by addition of 
saturated aqueous ammonium chloride (500 mL). The mixture is partitioned between 1 N 
HCI (500 mL) and EtOAc (500 mL). The organic layer is washed with brine (400 mL), dried 
(MgSCU) and concentrated by rotary evaporator to give crude product which is purified by 
flash chromatography (10:1 hexanes/methanol) to give 4-(BOC-amino)-5- 
trifluoromethylbenzoic acid (m.p. 197-198°C). 

2-(BOC-amino)-5-trifluoromethylbenzoic acid, obtained above (120 g) is dissolved in 
absolute ethanol (200 mL) and treated with 3 N HCI (80 mL). The reaction mixture is heated 
to reflux temperature for 3 hours and then cooled to room temperature. Most of the ethanol 
is removed by rotary evaporator and the pH of the remaining solution adjusted to pH 7 with 2 
N NaOH solution. The mixture is extracted with EtOAc (500 mL), the organic layer is 
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washed with brine (250 mL), dried (MgS0 4 ) and-the-solvent-removed-by-rotary evaporator. 
The residue is purified by trituration with hexanes and filtration to give 5- 
trifluoromethylanthranilic acid (m.p. 191-192X). 

5-Trifluoromethylanthranilic acid (43 g, 0.21 mol) is suspended in a mixture of 
concentrated HCI (40 mL) and water (240 mL), cooled to 0°C and stirred. Sodium nitrite 
(18 g. 0.26 mol) is dissolved in water (50 mL) and slowly added taking care to maintain the 
temperature of the reaction mixture below 5°C. Stirring is continued at 0°C for 30 minutes. 
Potassium iodide (65 g, 0.39 mol) is dissolved in a mixture of concentrated H 2 S0 4 (15 mL) 
and water (100 mL) and the solution is added dropwise to the reaction mixture while keeping 
the temperature below 10°C. The mixture is then heated to 100°C and stirred for 2 hours. 
After cooling to room temperature, the mixture is partitioned between EtOAc (750 mL) and 
saturated sodium bisulfite solution (500 mL). The organic layer is washed again with 
saturated sodium bisulfite solution (500 mL) and then brine (500 mL), dried (MgS0 4 ) and 
concentrated by rotary evaporator to give 5-trifluoromethyl-2-iodobenzoic acid (m.p. 171- 
172°C). 

5-Trifluoromethyl-2-iodobenzoic acid (50 g, 158 mmol) is dissolved in anhydrous THF 
(200 mL) and cooled in an ice-salt bath until the temperature reaches -5°C. Borane-THF 
complex is added dropwise as a 1.0 M solution in THF (350 mL, 350 mmol) at -5°C. After 
addition is complete, the reaction mixture is slowly warmed to room temperature and stirred 
for 12 hours. Water (40 mL) is carefully added dropwise (foaming) and the reaction mixture 
stirred for 30 minutes. Additional water (350 mL) is added and the mixture is concentrated 
by rotary evaporator to remove most of the THF. Additional water (250 mL) is added to form 
a precipitate, which is isolated by filtration to give 5-trifluoromethyl-2-iodobenzyl alcohol 
(m.p. 81-82°C). 

5-Trifluoromethyl-2-iodobenzyl alcohol (45 g, 0.15 mol) is dissolved in anhydrous 
Et 2 0 (400 mL) and treated with phosphorous tribromide (41 mL, 0.15 mol) by dropwise 
addition. The reaction mixture is stirred at room temperature overnight and quenched by 
slow addition of water (150 mL). The organic layer is separated, washed with saturated 
aqueous NaHC0 3 (250 mL), brine (250 mL), dried (MgS0 4 ) and concentrated by rotary 
evaporator to give 5-trifluoromethyl-2-iodobenzyl bromide as an oil. 

A solution of 5-trifluoromethyl-2-iodobenzyl bromide (55 g, 0.15 mol) in EtOH 
(200 mL) is stirred at room temperature and a solution of sodium cyanide (16 g, 0.33 mol) in 
water (60 mL) is added. The reaction mixture is heated to reflux temperature for 3 hours and 
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then cooled-to room-temperature. Most-of-the-ethanol is-removed by-rotary evaporator and 
the residue partitioned between EtOAc (500 mL) and water (200 mL). The organic layer is 
washed with brine (250 mL), dried (MgSCU) and the solvent is removed by rotary evaporator. 
The residue is purified using flash chromatography (1:9 EtOAc/hexanes) to give 
5-trifluoromethyl-2-iodophenylacetonitrile as a solid. 

A solution of 5-trifluoromethyl-2-iodophenylacetonitrile (30 g, 96 mmol) in ethanol 
(100 mL) is stirred at room temperature. Sodium hydroxide (7.7 g, 192 mmol) dissolved in 
water (60 mL) is added. The mixture is heated to reflux temperature for 1 2 hours and then 
cooled to room temperature. Most of the ethanol is removed using a rotary evaporator and 
the residual aqueous solution adjusted to pH 4 with 3 N HCI. The solid which forms is 
isolated by filtration and washed with water (250 mL) and then hexanes (500 mL). Air drying 
gives 5-trifluoromethyl-2-iodophenylacetic acid. 

5-Trifluoromethyl-2-iodophenylacetic acid (30 g, 91 mmol) is dissolved in 2-propanol 
(250 mL), a catalytic amount (4 drops) of concentrated H 2 S0 4 added and the solution is 
stirred and heated to reflux temperature for 12 hours. Solvents are removed by rotary 
evaporator and the residual oil is purified using flash chromatography (1:4 EtOAc/hexanes) 
to give isopropyl 5-trifluoromethyl-2-iodophenylacetate as an oil. 

Example 3 

(a)(i) A/,W-DimethyI-2-(2\3 , ,5 , ,6 , -tetrafluoro-4'-phenylanilino)phenylacetamide 

A/,A/-dimethyl-2-iodophenylacetamide (2.0 g, 6.9 mmol), 2,3,5, 6-tetrafluoro-4- 
phenylaniline (3.3 g, 13.8 mmol), copper powder (219 mg, 3.4 mmol), copper(l) iodide 
(646 mg, 3.4 mmol) and anhydrous potassium carbonate (1.0 g, 6.9 mmol) are stirred 
together in 150 mL of xylenes. The reaction is heated to reflux temperature for 48 hours. 
While still slightly warm (40°C) the brown suspension is filtered through a pad of Celite which 
in turn is rinsed with toluene (250 mL). The filtrate is evaporated by rotary evaporator and 
then flash chromatographed on silica gel (10-20% EtOAc/hexane) to give the title product. 

(a)(ii) ^/V-Dimethyl-S-cyclopropyl^^'-fluoro^'^-fluorophenyOanilino] 
phenylacetamide 

A mixture of A/,A/-dimethyl-2-bromo-5-cyclopropylphenylacetamide (1.0 g), 2-fluoro-4- 
(4-fluorophenyl)aniline (1.5 g), K 2 C0 3 (490 mg), Kl (590 mg), Cu (113 mg), Cul (337 mg) in 
xylenes (10 mL) is heated to reflux for 48 hours. After cooling, the reaction is filtered through 
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silica gelaTTd the filtrate concentrated to a brown oil: The bills pufified'by flash 
chromatography using 10%, then 20%, then 30%, then 40% EtOAc in hexane to give the title 
product as a foam. 

Similarly prepared are the following compounds of the formula 

R.^^^CH 2 CON(CH 3 ) 2 

XX. 

I 

A 



Compound 


R 


A 


(b) 


CI 


6-CI-5-indanyl 


(c) 


CI 


3-quinolinyl 


(d) 


H 


1-CI-2-naphthyl 


(e) 


CH 3 


1-CI-2-naphthyl 


(f) 


CI 


2-naphthyl 


(g) 


CI 


1-CI-2-naphthyl 


(h) 


H 


2-F-4-cyclopropylphenyl 


(i) 


CH 3 


2-methyl-6-quinolinyl 


(J) 


H 


4-(4-F-phenyl)-2-F-phenyl 


(k) 


H 


5-CI-6-indanyl 


(I) 


H 


4-phenyl-2-F-phenyl 


(m) 


H 


3-quinolinyl 


(n) 


H 


2-naphthyl 


(o) 


CH 3 


2-naphthyl 


(P) 


CI 


2-CI-4-cyclopropylphenyl 


(q) 


CH 3 


2-CI-4-cyclopropylphenyl 


(0 


CI 


4-phenyl-2,3,5,6-tetra-F-phenyl 


(s) 


CH 3 


4-phenyl-2,3,5,6-tetra-F-phenyl 


(t) 


CH 3 


2-CI-4-cyclopropyl-6-F-phe nyl 


(u) 


CI 


4-(4-F-phenyl)-2-F-phenyl 


(v) 


H 


4-(4-CH 3 0-phenyl)-2-CI-phenyl 


(w) 


CI 


4-(4-CH 3 0-phenyl)-2-F-phenyl 


(x) 


H 


4-phenyl-2,6-di-CI-phenyl 


(y) 


H 


4-phenyl-2-CI,6-F-phenyl 


(z) 


CH 3 


4-phenyl-2-CI,6-F-phenyl 


(aa) 


CH 3 


4-phenyl-2,6-di-CI-phenyl 


(ab) 


CH 3 


4-(3-CH 3 0-phenyl)-2,3,5,6-tetra-F-phenyl 


(ac) 


CI 


4-(3-CH 3 0-phenyl)-2,3,5,6-tetra-F-phenyl 


(ad) 


CH 3 


4-(4-F-phenyl)-2,3,5,6-tetra-F-phenyl 
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fact 


H 


<5 pi 9 nanhthvl 
0-L»rt"ncipi iiriyi 


fat! 


CI 


A IA PU Pi nhon\/h O.ri.nhonvl 

n 3 vj-pncnyiy-z-^/i-pi itsr lyi 


fan) 
\ au ) 


✓"N | | 

CH 3 


4-\M-on 3 vj-pnenyi y-z-L/i-pi ici lyi 


\ av J 


CI 


^♦-(^.'♦-ai-r-pnenyi ^-4-^1-pnenyi 


taw) 


CH 3 


^-(^^-oi-r-pnenyij-^-^i-pnenyi 


(ax) 


CH 3 


4-(4-F-phenyl)-2-F-phenyl 


(ay) 


H 


4-cyclohexylphenyl 


(az) 


CI 


4-(3-CH 3 0-phenyl)-2-CI,6-F-phenyl 


(ba) 


CH 3 


4-(4-F-phenyl)-2-CI-phenyl 


(bb) 


CI 


4-(4-F-phenyl)-2-Br-phenyl 


(be) 


CI 


4-(4-CI-phenyl)-2-F,6-CI-phenyl 


(bd) 


CI 


4-(4-F-phenyl)-2-F,6-Cl-phenyl 


(be) 


CI 


4-(4-F-phenyl)-2,3,5,6-tetra-F-phenyl 


(bf) 


CH 3 


4-(4-CI-phenyl)-2-F t 6-CI-phenyl 


(bg) 


CH 3 


4-(4-F-phenyl)-2-F,6-C1-phenyl 


(bh) 


CI 


2-(4-F-phenyl)-4-CH 3 -phenyl 


(bi) 


CI 


4-(4-OCF 3 -phenyl)-2-CI-phenyl 


(bj) 


CH 3 


4-(4-CI-phenyl)-2,3,5,6-tetra-F-phenyl 


(bk) 


CI 


4-(4-CI-phenyl)-2,3,5,6-tetra-F-phenyl 


(bl) 


CI 


4-(2-OCH 3 -phenyl)-2-CI-phenyl 


(bm) 


CH 3 


4-(4-F-phenyl)-2,3,5 l 6-tetra-F-phenyl 


(bn) 


CI 


4-(4-F-phenyl)-2,6-di-CI-phenyl 


(bo) 


CH 3 


4-(4-F-phenyl)-2,6-di-CI-phenyl 


(bp) 


CH 3 


4-(2-OCH 3 -phenyl)-2-CI-phenyl 


(bq) 


CI 


4-(4-OCH 3 -phenyl)-2-F,6-CI-phenyl 


(br) 


CH 3 


4-(4-OCH 3 -phenyl)-2-F,6-CI-pheriyl 


(bs) 


cyclopropyl 


4-(4-F-phenyl)-2,3 f 5,6-tetra-F-phenyl 


(bt) 


CH 3 


4-(4-CI-phenyl)-2,6-di-CI-phenyl 
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J 



Compound R ^ 

__ - 4-(4-F-phenyl)-2,6-di-F-phenyl 

(bv) CH3CH2 4-cyclopropyl-2-F,6-CI-phenyl 

(bw) CI 4-cyclopropyl-2-F,6-CI-phenyl 

(bx) CI 4-(4-CI-phenyl)-2,3,6-tri-F-phenyl 

(by) CI 4-(4-F-phenyl)-2,3,6-tri-F-phenyl 

(bz) CI 4-(4-CI-phenyl)-2,6-di-F-phenyl 

(ca) CI 4-(4-F-phenyl)-2,6-di-F-phenyl 

(cb) CH 3 CH 2 4-cyclopropyl-2,3,5,6-tetra-F-phenyl 

(cc) CI 4-cyclopropyl-2 f 3,5,6-tetra-F-phenyl 

(cd) cyciopropyl 4-cyclopropyl-2-F,6-CI-phenyl 

(ce) cyciopropyl 4-cyc1opropyl-2,3,5,6-tetra-F-phenyl 

(cf) CH 3 4-cyclopropyl-2,3,6-tri-F-phenyl 
(eg) CH 3 4-cyclopropyl-2 t 3,5,6-tetra-F-phenyl 

(ch) cyciopropyl 4-(3-OCH 3 -phenyl) : 2,3,5 l 6-tetra-F-phenyl 

(ci) CH 3 CH 2 4-(3-OCH 3 -phenyl)-2,3,5,6-tetra-F-phenyl 
(cj) CH 3 4-(3-OH-phenyl)-2-F,6-CI-phenyl 

(ck) ci 4-(3,4-methylenedioxy-phenyl)-2-F,6-CI-phenyl 

(cl) CH 3 4-(3,4-methylenedioxy-phenyl)-2-F,6-CI-phenyl 

(cm) CH 3 CH 2 4-cyclopropyl-2,3,6-tri-F-phenyl 

(cn) CH 3 4.(3-OCH 3 -phenyl)-2-F,6-CF 3 -phenyl 

(co) CH 3 4-(3-OH-phenyl)-2,3,5 I 6-tetra-F-phenyl 

(cp) cyciopropyl 4-(3-OCH 3 -phenyl)-2-F,6-CI-phenyl 

(cq) CI 4-cyclopropyl-2,3 l 6-tri-F-phenyl 

(cr) CI 4-(4-OCF 3 -phenyl)-2-F,6-CI-phenyl 

(cs) CH 3 CH 2 4-(3-OH-phenyl)-2 1 3,5 l 6-tetra-F-phenyl 

(ct) CH 3 CH 2 4-(3-OCH 3 -phenyl)-2-F,6-CI-phenyl 

(cu) CH 3 CH 2 4-(3,4-methylenedioxy-phenyl)-2-F,6-CI-phenyl 

(cv) CH 3 CH 2 4-(3-OCH 3 -phenyl)-2-F,3-CH 3l 6-CI-phenyl 

(cw) CH 3 4-(3-OCH 3 -phenyl)-2-F,3-CH 3l 6-CI-phenyl 

(cx) CH 3 CH 2 4-(4-OCH 3 -phenyl)-2-F,3-CH 3l 6-CI-phenyl 

(cy) CH 3 4-(4-OCH 3 -phenyl)-2-F,3-CH 3l 6-CI-phenyl 

(cz) CH 3 CH 2 4-(2,4-di-OCH 3 -phenyl)-2-F,6-CI-phenyl 

(da) CH 3 4-(2 l 4-di-OCH 3 -phenyl)-2-F,6-CI-phenyl 

(db) CH 3 CH 2 4-(2,4-di-OCH 3 -phenyl)-2,3,5,6-tetra-F-phenyl 

(dc) CH 3 4-(2,4-di-OCH 3 -phenyl)-2 I 3 l 5,6-tetra-F-phenyl 

(dd) CH 3 CH 2 4-cyclopropyl-2-CI,5-OCH 3 -phenyl 

(de) CH 3 4-cyclopropyl-2-CI,5-OCH 3 -phenyl 

(df) CH 3 4-cyclopropyl-2-F,3-CH 3) 6-CI-phenyl 

(dg) CI 4-(2,4-di-OCH 3 -phenyl)-2 J 3,5 l 6-tetra-F-phenyl 

(dh) CI 4-cyclopropyl-2-CI,5-OCH 3 -phenyl 

(di) CH 3 CH 2 4-cyclopropyl-2-F,3-CH 3 ,6-CI-phenyl 
(dj) CI 4-cyciopropyl-2-F,3-CH 3 ,6-CI-phenyl 
(dk) CH 3 CH 2 4-(4-hydroxyphenyl)-2-F,6-CI-phenyl 

(dl) cyciopropyl 4-cyclopropyl-2 t 3 t 6-tri-F-phenyl 
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C ompound R . _ 

(dm) CH 3 4-cyclopropyl-2-F,3-CF 3 -phenyl 

(dn) CH 3 CH 2 4-cyclopropyl-2-F,3-CF 3 -phenyl 

(d ) CH 3 4-(4-hydroxyphenyl)-2-F,3-CH 3 .6-CI-phenyl 

(dp) CI 4-cyclopropyl-2,4-di-F,3-CH 3 ,6-CI-phenyl 

(dq) CH 3 4-cyclopropyl-2,4-di-F,3-CH 3 ,6-CI-phenyl 

(dr) CI 4-(2,4-di-OCH 3 -phenyl)-2-F,6-CI-phenyl 

(ds) CH 3 4-(4-CF 3 0-phenyl)-2-F,6-CI-phenyl 

(dt) CI 4-cyclopropyl-2,3-di-F,6-CI-phenyl 

(du) CH 3 CH 2 4-cyclopropyl-2,3-di-F,6-CI-phenyl 

(dv) CH 3 4-cyclopropyl-2,3-di-F,6-CI-phenyl 

(dw) CH3CH2 4-(4-CF 3 0-phenyl)-2.6-di-F-phenyl 

(dx) CH 3 4-(4-CF 3 0-phenyl)-2,6-di-F-phenyl 

(dy) CH 3 CH 2 4-(4-CF 3 0-phenyl)-2-F,6-CI-phenyl 

(dz) CI 4-(4-CF 3 0-phenyl)-2.6-di-F-phenyl 

(ea) CH 3 4-cyclopropyl-2,6-di-F-phenyl 

(eb) CH 3 CH 2 4-cyclopropyl-2,6-di-F-phenyl 

(ec) cyclopropyl 4-cyclopropyl-2,3-di-F,6-CI-phenyl 

(ed) CI 4-cyclopropyl-2,6-di-F-phenyl 

(ee) cyclopropyl 4-cyclopropyl-2,6-di-F-phenyl 

(ef) CH 3 4-cyclopropyl-2-F,5-CF 3 -phenyl 

(eg) CH 3 CH 2 4-cyclopropyl-2-F,5-CF 3 -phenyl 

(eh) CH 3 4-cyclopropyl-2,5-di-F,6-CI-phenyl 

(ei) ci 4-cyclopropyl-2,5-di-F,6-CI-phenyl 
(ej) CH 3 CH 2 4-cyclopropyl-2,5-di-F,6-CI-phenyl 
(ek) CH 3 CH 2 1-CW-naphthyl 

(el) CI 1-CI-6-F-2-naphthyl 

(em) CI 1,6-di-CI-2-naphthyl 

(en) CI 1,3-di-CI-2-naphthyl 

(eo) cyclopropyl 1-CI-2-naphthyl 

(ep) CH 3 1-CI,6-F-2-naphthyl 

(eq) CH 3 CH 2 1-CI,6-F-2-naphthyl 

(er) CI 1-F-2-naphthyl 

(es) CH 3 1-F-2-naphthyl 

(et) cyclopropyl 1-CI.6-F-2-naphthyl 

(eu) CI 1-CI,3-F-2-naphthyl 

(ev) cyclopropyl 7-CF 3 -4-quinolinyl 

(ew ) ci 7-CI-4-quinolinyl 

(ex) CH 3 7-CI-4-quinolinyl 

(ey) ci 2,7-di-CF 3 -4-quinolinyl 

( ez ) C | 6-OCH 3 -8-quinolinyl 

(fa) ci 1-CI,7-F-2-naphthyl 

(fb) ci 1-CI,7-CF 3 -2-naphthyl 

(fc) cyclopropyl 4-cyclopropyl-2,5-di-F,6-CI-phenyl 

(fd) CH 3 CH 2 4-(3,4-methylenedioxypheny)-2,6-di-F-phenyl 
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Compound R 



He) 


PI 


4-f3 4-methvlenedioxvDhenv)-2,6-d -F-phenyl 




Pl-l 


A-C\ 4-mpth\/lenedioxvDhenv)-2.6-di-F-Dhenvl 


(fa) 




4-cvcloDroDVI-2-F 5-CF 3 -phenvl 




cyciopr opyi 


4-cvcloDroDvl-2-F 5-CFa-phenyl 


uu 


cyciopropyi 


4-rvrlonroDvl-2-CI 3 6-di-F 5-ChU-phenyl 


/fi\ 
\ t jj 




d-rvrlnnrnnvl-9-CI 3 6-di-F 5-ChU-Dhenvl 


/flr\ 




4-rv/rlr»nroDvl-2-CI 5-F-Dhenvl 


l»J 


CH3 


2I r\/r lnnrnn\/l-9-PI ^-F-Dhenvl 

*4-L.yUIUpHjpyi ^ v-»l,0 1 piiciiyi 


(Tm) 


CI 


>i r*wr*lnrirr\n\/l-9-PI ^-F-nhPflX/l 
^♦-CyCIOpiUpyi ^ V-»l,w/ r piiciiyi 


(Tn) 


cyciopropyi 


*t-cytyiopiupyi ^ vi|V » ^uciiyi 


(TO) 


cyciopropyi 


r\/rlnnmn\/L9-F ^-Pl-nhpnvl 

*t~cyoiopf upy i ^ -i piiciiyi 


/fr»\ 
l«P) 


CH3 


o r\/rhnrnnul.9-P /.PM, fi-CI-nhenvl 




CH 3 


o r\/rlnnrnn\yl-4-P 1 fi-F-nhPnvl 
^-CyCIUpi Upy 1 *H*UI,U r piiciiyi 


I") 


CH 3 


p_pc ^ «i linnlinvl 


(TS) 


CH 3 






CH3 


fi-F 9-PF«*-4-auinolinvl 


(TU) 


l—l 

CH 3 


1-F ^-PI-9-nanhthvl 


(TV) 


r-v II /*> 1 1 

^M3V-frl2 


^-PU9-nanhthvl 

O *vi i ioj^i iii lyi 


(TW) 


CI 


1-PI R-F-9-nanhthvl 

I -Vy|,0 I c- \ lea pi ill ly i 


(TX) 


CI 


1-F ^-PI-9-nanhthvl 

I - i , \j £- \ iapi i ii i y • 


(fy) 


CH 3 


1 PI ^-F-9-nanhthvl 
I I , Or 1 1 a pi in iy i 


(«Z) 


CH 3 


1 ^-Hi-F-9-nanhthvl 

1 ,0 Ui r i io pi in iy i 


\9 a ) 


CI 


l , o ui r z. i lea pi i ii iy i 


(9°) 


/-*» I I 

L/n3L/ri2 


o <-\/rlnnrnnvl-9-F 6-CI-Dhenvl 
0~CyL»lupi upy l £- ~r,*» 13, w wi pii^iiyi 


19 C ) 


CI 


^ rvrlnnrnnvl-9-F 4-CHo 6-CI-Dhenvl 
0 v^yLriupi wpyi ^> 1 i"t wi iSi^* x - y 1 f* 1 * 


(9°) 


cyciopropyi 


>i r\/r»lnnrnn\yU9-PJ *^ 5-di-F-Dhenvl 


(9 e ) 


/-N II 

CH 3 


4 i~\/Hrmrnnvl-9-PI ^-CH-a-Dhenvl 
t-Lytrluui uuyr& wi ( w v-»i 13 pii^iijr' 


(90 


CI 


>• A<<nl/\nr<MMil O PI R PW nhonul 

4-cyclopropyi-^-oi,o-uri3-pnenyi 


(gg) 


CH3CH2 


4-cyc1opropyl-2-Cl,5-CH 3 -phenyl 


(gh) 


cyciopropyi 


4-cyclopropyl-2-CI,5-CH 3 -phenyl 


(gi) 


cyciopropyi 


4-cyclopropyl-2-F,3-CH 3 ,6-CI-phenyl 


(gj) 


CH 3 


4-cyclopropyl-2-CI,3,5-di-F-phenyl 


(gk) 


CH3CH2 


4-cyclopropyl-2-CI,3,5-dhF-phenyl 


(gi) 


CI 


4-cyclopropyl-2-CI,3,5-di-F-phenyl 
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(a)(i) 2-(2',3 , ,5 , ,6'-Tetrafluoro-4 , -phenylanilino)phenylacetic acid 




A mixture of A/,A/-dimethyl-2-(2 , ,3',5 , ,6 , -tetrafluoro-4'-phenylanilino)phenylacetamide 
(2.7 g, 6.7 mmol) and NaOH (3.0 g, 72 mmol) in EtOH (100 ml_) and water (20 mL) is heated 
at reflux temperature for 14 hours. After cooling to room temperature, most of the ethanol is 
removed by rotary evaporator. Ice water (250 mL) and ice cold Et 2 0 (250 mL) are added 
and the organic phase is separated and washed with ice cold 1 N HCI (200 mL) and then 
brine (100 mL). The organic solution is dried (MgSO,) and evaporated by rotary evaporator 
taking care not to warm above 50°C. The title compound is obtained by trituration of the 
residue with hexane (m.p. 180-1 81 °C). 

(a)(ii) 5-Cyclopropyl-2-[2 , -fluoro-4'-(4-fluorophenyl)anilino]phenylacetic acid 

A solution of /S/,/V-dimethyl-5-cyclopropyl-2-[2'-fluoro-4 , -(4- 
fluorophenyl)anilino]phenylacetamide (575 mg) in 10 mL of 4 N NaOH and 20 mL of EtOH is 
heated overnight at 80°C. After cooling, the EtOH is removed under reduced pressure and 
the residue is diluted with EtOAc and cold water. The mixture is cooled in an ice bath and 
cold 2.5 N HCI is added until the pH of the aqueous layer reaches 2. The organic phase is 
separated, washed with brine, dried (Na 2 S0 4 ) and concentrated in vacuo to give a brown 
solid. The solid is purified by flash chromatography eluting with 10%, then 20%, then 30% 
EtOAc in hexane to give the title product, m.p. 182-183°C. 
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Similarly-prepared are-the following compounds-oftheformula- 

xx: 



,CH 2 COOH 



I 

A 



Comp- 
ound 


R 


A 


m.p., MS 


(b) 


CI 


6-CI-5-indanyl 


132-134 C 


(c) 


CI 


3-quinolinyl 


193-195 C 


(d) 


H 


1-CI-2-naphthyl 


h cc <i coop 

15o-1oo O 


(e) 


CH 3 


1-CI-2-naphthyl 


nl yl -4 A A QOp 

141-14o O 


(f) 


CI 


2-naphthyl 


1/0-1 JU L/ 


(9) 


CI 


1-CI-2-naphthyl 


156-1 58 O 


<h) 


H 


2-F-4-cyclopropylphenyl 


104-105 O 


(i) 


CH 3 


2-methyl-6-quinolinyl 


172-175°C 


U) 


H 


4-(4-F-phenyl)-2-F-phenyl 


M-1 = 338, 
M+1 = 340 


(k) 


H 


6-CI-5-indanyl 


133-134°C 


(1) 


H 


4-phenyl-2-F-phenyI 


M-1 = 320, 
m+t — ozz 


(m) 


H 


3-quinolinyl 


4 on -iQ/op 


(n) 


H 


2-naphthyl 


I O I - I %50 O 


(o) 


CH 3 


2-naphthyl 




(P) 


CI 


2-CI-4-cyclopropylphenyl 




(q) 


CH 3 


2-CI-4-cyclopropylphenyl 


n n *+- 1 id u 


(r) 


CI 


4-phenyl-2,3,5,6-tetra-F-phenyl 


I O I - I O 




v^n 3 


4-nhenvl-2 3 5 6-tetra-F-Dhenyl 


156-157°C 


(t) 


CH 3 


2-CI-4-cycIopropyl-6-F-phenyl 


M-1 = 332, 
M+1 = 334 


(u) 


CI 


4-(4-F-phenyl)-2-F-phenyl 


M-1 = 372, 
M+1 = 374 


(v) 


H 


4-(4-OCH 3 -pheny1)-2-CI-phenyl 


150-1 51 °C 


(w) 


CI 


4-(4-OCH 3 -phenyl)-2-F-phenyl 


100-102°C 


(x) 


H 


4-phenyl-2,6-di-CI-phenyl 


191-192°C 


(y) 


H 


4-phenyl-2-CI,6-F-phenyl 


162-163°C 


(z) 


CH 3 


4-phenyl-2-CI,6-F-phenyl 


176-177°C 


(aa) 


CH 3 


4-phenyl-2,6-di-Cl-phenyl 


177-178°C 


(ab) 


CH 3 


4-(3-CH 3 0-phenyl)-2,3,5,6-tetra-F-phenyl 


164-166°C 


(ac) 


CI 


4-(3-CH 3 0-phenyl)-2,3,5,6-tetra-F-phenyl 


171-173°C 


(ad) 


CH 3 


4-(4-F-phenyl)-2,3,5,6-tetra-F-phenyl 


155-158°C 
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Comp- 
ound 


R 


A 




pi 


4-(3,4-methylenedioxyphenyl)-2,3,5,6-tetra-F-phenyl 


(af) 


CH 3 


4-cyclohexyl-2-CI-phenyl 


(ag) 


CI 


4-cyclohexyl-2-CI-phenyl 


(ah) 


F 


4-cyclopropyl-2-CI-phenyl 


(ai) 


CH 3 


4-cyclopropyl-2-CI,6-F-phenyl 


(aj) 


CI 


o-ui-^-napninyi 


(ak) 


CH 3 


o-Ol-^-napninyi 


(al) 


CH 3 


o-Orl 3 -o-inaanyi 


(am) 


CH 3 CH2 


o-i^i-o-moanyi 


(an) 


CH 3 


2-CI-4-(5-Oi-z-tnienyi;pnenyi 


(ao) 


CI 


z-L/l-4-^4-r -pnenyiypiiciiyi 


(ap) 


CH 3 


A /O /"^LJ O nhnnt/U O 1 p P.nhpn\/I 

4-(o-L»n 3 U-pnenyi;-ii-oi,o-r-pi icnyi 


(aq) 


H 


4-(3-Cn 3 U-pnenyi;-^ J o,D l o-ieira-r-pnei iyi 


(ar) 


OCH 3 


4-(o-Un 3 u-pnenyi;-z t o,o,o-icua r pucnyi 


(as) 


H 


o-cnior o-^-napr iinyi 


(at) 


CI 


4-(4-On 3 <J-pnenyi;-z-^i-pneiiyi 


(au) 


CH 3 


A /A l_l nkamih O PI nhon\/l 

4-(4-On 3 CJ-pnenyi;-ii-oi-pneriyi 


(av) 


CI 


a /o vi P r>V-» ci n\#n O-PLnhpnvl 
4-(^,4-GI-r-pnenyi;-z-^i-pMt;nyi 


(aw) 


CH 3 


4-(2,4-ul-r-pnenyiJ-z-v^i-prienyi 


(ax) 


CH 3 


4-(4-r-pnenyi)-^-r -pnenyi 


(ay) 


H 


4-cycionexyipnenyi 


(az) 


CI 


4-(3-Un 3 U-pnenyi;-Z-oi l o-r-prieiiyi 


(ba) 


CH 3 


vi /vi C »-\ K <-\ »-» w 1 \ O f^l nhcn\/l 

4-(4-r-pnenyij-^-^i-pnenyi 


(bb) 


CI 


vi /vi P r>h\£^r-i\/l\ O Rr.nhpnul 
4-(4-r-pnenyi;-^-Di-piJt;Myi 


(be) 


CI 


4-^4-Lvl-pneny l;-ii-r ,D-oi-pi ltsi iyi 


(bd) 


CI 


4-(4-r-pnenyi)-/i-r t o-L/i-pnenyi 


(be) 


CI 


4-(4-r-pnenyi;-Z,0,0,0-it:ii a-r pi ici iy 1 


(bf) 


CH 3 


4r(4-oi-pnenyi )-z.-r ,o-v^i-pi ici iyi 


(bg) 


CH 3 


* vi / vi c nV>nnwl\ O P PI nhpnv/l 

4-(4-r-pnenyi)-z-r,o-ui-pnenyi 


(bh) 


CI 


Z-\4-r -pnenyi j-**-v»vn 3 -pi itsi iyi 


(bi) 


CI 


vi //I l^lPP nhDnv/IVO-PUnhprivl 

4-v4-ui^r 3 -pnenyi;-^-^i-Hi ici iyi 


(bj) 


CH 3 


vi 1 a pi s fi-tptra-F-ohenvl 
^-^-oi-pneny ij-/.,o,3,o icua i pii^iiji 


(bk) 


CI 


vi />! pi nhonuh.9 *\ R fi-tptra-F-ohenvl 
**-^*t-^i-pncnyij-^,o, o,o icuo i pnenyi 




pi 


4-(2-OCH 3 -phenyl)-2-CI-phenyl 


(bm) 


CH 3 


4-(4-F-phenyl)-2,3,5,6-tetra-F-phenyl 


(bn) 


CI 


4-(4-F-phenyl)-2,6-di-CI-phenyl 


(bo) 


CH 3 


4-(4-F-phenyl)-2,6-di-CI-phenyl 


(bp) 


CH 3 


4-(2-OCH 3 -phenyl)-2-CI-phenyl 


(bq) 


CI 


4-(4-OCH 3 -phenyl)-2-F,6-CI-phenyl 



m.p., MS 
M-1 = 452 

133- 135°C 

134- 136°C 

M-1 = 318, 
M+1 = 320 

M-1 = 332, 
M+1 = 334 

168-170°C 

152- 154°C 
108-110°C 

135- 137°C 
141-143°C 

127- 128°C 
150-152°C 
160-162°C 

141- 143°C 

153- 155°C 

154- 155°C 
1^2-144°C 
220-222°C 
135-138°C 

128- 1 30°C 
108-1 10°C 
170-172°C 

142- 143°C 
97-1 01°C 
172-174°C 
199-200°C 
175-177°C 
195-197°C 
159-161°C 
138-140°C 
142-144°C 
142-145°C 

167- 168°C 
126-128°C 
222-224°C 

168- 170°C 

138- 140°C 
70-73°C 

139- 140°C 
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Comp- 








ound 


R 


A 
M 


m.p., ivio 


\ DT f 




4-(4-UoH3-pnenyi)-2-r .o-ui-pnenyi 


I O f - I OO V-/ 


/ho 


cyclopropyl 


4-(4-r-pnenyi)-2,o\o,b-ietra-r-pnenyi 


10O-1DU O 


\ m ) 


CH3 


4-(4-ui-pnenyi;-2,b-ai-oi-prienyi 


loy-T4U L/ 


/hill 

you) 


CH3 


4-(4-r-pnenyi)-2,b-ai-r-pnenyi 


i zy-i ou 0 


\ DV J 




4-cyciopropyi-2-r ,b-ui-prienyi 






CI 


4-cyclopropyl-2-r ,b-ci-pnenyi 


«i cc -1 coop 

loo-loo U 


( DX ) 


CI 


4-(4-CI-pnenyl)-2 f 3 1 b-tri-r-pnenyl 


IbU- \OZ 


\°y) 


CI 


4-(4-F-phenyl)-2,3 l 6-tri-F-pnenyl 


1 / O-l /O L/ 




CI 


4-(4-ui-pnenyi)-2 1 b-ai-r-pnenyi 


0 -i 7 oon°r 

Z1 (-aCZSJ 0 


/ r9 \ 
i ca ; 


CI 


4-(4-r-pnenyi)-2,b-ai-r-pnenyi 






CH3CH2 


4-cyclopropyl-2,3,5,6-tetra-F-phenyl 


IOO-14U L* 


l cc J 


CI 


4-cyclopropyl-2 ) 3,5 t 6-tetra-F-phenyl 


12o-1oU U 


i CQ ) 


cyclopropyl 


4-cyclopropyl-2-r ,b-L/l-pnenyi 


14O-10U O 


(ce) 


cyclopropyl 


4-cyclopropyl-2,3,5,6-tetra-F-phenyl 


137-1 00 O 


(cf) 


CH 3 


4-cyclopropyl-2,3 t 6-tn-F-phenyl 


152-153 C 


(CQ) 


CH 3 


4-cyclopropyl-2 l 3,5 ( 6-tetra-F-phenyl 


on >• nor* 

139-140 C 


(cn) 


cyclopropyl 


4-(3-OCH 3 -phenyl)-2,3,5 > 6-tetra-F-phenyl 


126-128 C 


(CI) 


CH3CH2 


4-(3-OCH 3 -phenyl)-2 1 3 t 5,6-tetra-F-phenyl 




( C J) 


CH 3 


4-(3-OH-phenyl)-2-F,6-CI-phenyl 


163-165 C 


(CK) 


CI 


4-(3 t 4-methylenedioxy-phenyl)-2-F,6-CI-phenyl 


169-171 C 


(CI) 


CH 3 


4-(3 > 4-methylenedioxy-phenyl)-2-F,6-CI-pnenyl 


135-137 U 


(cm) 


CH3CH2 


4-cyclopropyl-2,3,6-tri-F-phenyl 


A A r\ A A 

140-142 U 


(cn) 


CH 3 


4-(3-OCH3-phenyi)-2-F,6-CF 3 -phenyl 


ICO -1 7-1 op 


(CO) 


CH 3 


4-(3-OH-phenyl)-2,3 1 5,6-tetra-F-pnenyl 


4COOO 

1 06-1 00 c 


(cp) 


cyclopropyl 


4-(3-OCH3-phenyl)-2-F,6-CI-phenyl 


4 A 4 < >IOOp 

141-14o O 


(cq) 


CI 


4-cyclopropyl-2,3,6-tri-F-phenyl 


142-144 O 


(cr) 


CI 


4-(4-OCF 3 -phenyl)-2-F 1 6-CI-phenyl 


1o9-1b0 C 


(CS) 


CH3CH2 


4-(3-OH-phenyl)-2 l 3 1 5,6-tetra-F-pnenyl 


•1 P.A A CCOP 

154-1 ob U 


(Ct) 


CH3CH2 


4-(3-OCH 3 -phenyl)-2-F,6-Cl-pnenyl 


lob- iocs O 


(CUJ 


CH3CH2 


4-(3,4-methyleneaioxy-phenyl)-2-F l o-Cl-pnenyl 


1 / ^-1 / 4 O 


(CV) 


CH3CH2 


4-(3-OCH3-pnenyl)-2-F,3-CH3 l o-CI-pnenyl 


aaa 4. 4 ct°r^ 
1 14-1 IbU 


t cw ) 


CH3 


4-(3-OCH3-phenyl)-2-F,3-CH3 t o-Ol-pnenyi 




(CX) 


CH3CH2 


4-(4-OCH3-pnenyl)-2-F l 3-CH3,o-Cl-pnenyi 


T4U-14Z O 


( c y) 


CH 3 


4-(4-OCH3-phenyl)-2-F l 3-CH3 t 6-CI-pnenyl 


1 ol-l 00 O 


(czj 


CH3CH2 


4-(2,4-ai-OCH3-pnenyl)-2-F,b-Cl-pnenyi 


14U-14Z O 




OM3 


A tO A rli nrM nhcn\/l\.9.P R-PI_nh^n\/l 

^-^,^-01-^0 113-pncf iy 1 ici lyi 


131-1 33°C 


(db) 


CH3CH2 


4-(2,4-di-OCH 3 -phenyl)-2,3 1 5,6-tetra-F-phenyl 


113-115°C 


(dc) 


CH 3 


4-(2 f 4-di-OCH 3 -phenyl)-2 t 3 l 5 i 6-tetra-F-phenyl 


153-155°C 


(dd) 


CH3CH2 


4-cyclopropyl-2-CI,5-OCH 3 -phenyl 


150-152°C 


(de) 


CH 3 


4-cyc1opropyl-2-CI,5-OCH 3 -phenyl 


100-102°C 
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(df) 


CH 3 


4-cyclopropyl-2-F,3-CH 3 ,6-CI-phenyl 


136-138°C 


(dg) 


CI 


4-(2 I 4-di-OCH 3 -phenyl)-2,3 1 5,6-tetra-F-phenyl 


156-158°C 


(dh) 


CI 


4-cyclopropyl-2-CI,5-OCH 3 -phenyl 


110-112°C 


(di) 


CH3CH2 


4-cyc!opropyl-2-F,3-CH 3l 6-CI-phenyl 


132-133°C 


(dj) 


CI 


4-cyclopropyl-2-F,3-CH 3t 6-CI-phenyl 


121-123°C 


(dk) 


CH3CH2 


4-(4-hydroxyphenyl)-2-F,6-C!-phenyl 


126-128°C 


(dl) 


cyclopropyl 


4-cyclopropyl-2,3 t 6-tri-F-phenyl 


126-128°C 


(dm) 


CH 3 


4-cyc1opropyl-2-F,3-CF 3 -phenyl 


154-155°C 


(dn) 


CH3CH2 


4-cyclopropyl-2-F,3-CF3-phenyl 


158-160°C 


(do) 


CH 3 


4-(4-hydroxyphenyl)-2-F,3-CH 3 ,6-CI-pheny! . 


146-148°C 


(dp) 


CI 


4-cyclopropyl-2 1 4-di-F,3-CH 3 ,6-CI-phenyl 


159-160°C 


(dq) 


CH 3 


4-cyclopropyl-2,4-di-F,3-CH 3 ,6-CI-phenyl 


148-150°C 


(dr) 


CI 


4-(2,4-di-OCH 3 -phenyl)-2-F 1 6-C!-phenyl 


139-141°C 


(ds) 


CH 3 


4-(4-CF 3 0-phenyl)-2-F,6-CI-phenyl 


158-159°C 


(dt) 


CI 


4-cyclopropyl-2 f 3-di-F,6-CI-phenyl 


144-146°C 


(du) 


CH3CH2 


4-cyclopropyI-2 t 3-di-F,6-CI-phenyl * 


157-158°C 


(dv) 


CH 3 


4-cyclopropyl-2,3-di-F,6-CI-phenyl 


147-148°C 


(dw) 


CH3CH2 


4-(4-CF 3 0-phenyl)-2,6-di-F-phenyl 


158-159°C 


(dx) 


CH 3 


4-(4-CF 3 0-phenyl)-2,6-di-F-phenyl 


179-180°C 


(dy) 


CH3CH2 


4-(4-CF 3 0-phenyl)-2-F,6-CI-phenyl 


157-158°C 


(dz) 


CI 


4-(4-CF 3 0-phenyl)-2,6-di-F-phenyl 


163-164°C 


(ea) 


CH 3 


4-cyclopropyl-2,6-di-F-phenyl 


128-130°C 


(eb) 


CH3CH2 


4-cyclopropyl-2,6-di-F-phenyl 


136-137°C 


( c) 


cyclopropyl 


4-cyclopropyl-2,3-di-F,6-CI-phenyl 


156-157°C 


( d) 


CI 


4-cyclopropyl-2,6-di-F-phenyl 


133-135°C 


(ee) 


cyclopropyl 


4-cyclopropyl-2,6-di-F-phenyl 


128-129°C 


(ef) 


CH 3 


4-cyclopropyl-2-F,5-CF 3 -phenyl 


93-95°C 


(eg) 


CH3CH2 


4-cyclopropyl-2-F,5-CF 3 -phenyl 


101-102°C 


(eh) 


CH 3 


4-cyclopropyl-2,5-di-F,6-C1-phenyl 


162-163°C 


(ei) 


CI 


4-cyclopropyl-2,5-di-F,6-CI-phenyl 


158-160°C 


(ej) 


CH3CH2 


4-cyclopropyl-2 f 5-di-F,6-CI-phenyl 


156-157°C 


(ek) 


CH3CH2 


1-CI-2-naphthyl 


132-134°C 


(el) 


CI 


1-CI-6-F-2-naphthyl 


202-204°C 


(em) 


CI 


* 1,6-di-CI-2-naphthyl 


176-178°C 


(en) 


CI 


1,3-di-CI-2-naphthyl 


176-178°C 


(eo) 


cyclopropyl 


1-CI-2-naphthyl 


122-124°C 


( P) 


CH 3 


1-CI,6-F-2-naphthyl 


180-182°C 


(eq) 


CH3CH2 


1-CI,6-F-2-naphthyl 


176-178°C 


(er) 


CI 


1-F-2-naphthyl 


134-136°C 


( s) 


CH 3 


1-F-2-naphthyl 


126-128°C 
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(et) 

(eu) 

(ev) 

(ew) 

(ex) 

(ey) 

(ez) 

(fa) 

(fb) 

(fc) 

(fd) 

(fe) 

(«) 

(fg) 

(fh) 
<«) 
(tj) 
(fk) 

(fl) 
(fm) 
(fn) 
(fo) 
(fp) 
<fq) 
(fr) 
(fs) 

(ft) 

(fu) 

(fv) 

(fw) 

(fx) 

(fy) 

(fz) 

(ga) 

(gb) 

(gc) 
(gd) 
(ge) 
(gf) 
(gg) 



cyclopropyl 
CI 

cyclopropyl 
CI 
CH 3 
CI 
CI 
CI 
CI 

cyclopropyl 
CH 3 CH 2 
CI 

CH 3 
CI 

cyclopropyl 
cyclopropyl 
CH3CH2 
CH3CH2 
CH 3 
CI 

cyclopropyl 
cyclopropyl 

CH 3 

CH 3 

CH 3 

CH 3 

CH 3 

CH 3 

CH3CH2 

CI 
CI 

CH 3 
CH 3 
CI 

CH3CH2 
CI 

cyclopropyl 
CH 3 
CI 

CH3CH2 



1-CI,6-F-2-naphthyl 
1-CI,3-F-2-naphthyl 
7-CF 3 -4-quinolinyl 
7-CI-4-quinolinyl 

7- CI-4-quinolinyl 
2,7-di-CF 3 -4-quinolinyl 

6- OCH 3 -8-quinolinyl 
1-CI,7-F-2-naphthyl 

1-CI,7-CF 3 -2-naphthyl 
4-cyclopropyl-2,5-di-F,6-CI-phenyl 
4-(3,4-methylenedioxypheny)-2,6-di-F-phenyl 
4-(3 > 4-methylenedioxypheny)-2,6-di-F-phenyl 
4-(3 t 4-methylenedioxypheny)-2,6-di-F-phenyl 
4-cyclopropyl-2-F t 5-CF 3 -phenyl 
4-cyclopropyl-2-F t 5-CF 3 -phenyl 
4-cyclopropyl-2-CI,3 t 6-di-F 1 5-CH 3 -phenyl 
4-cyclopropyl-2-CI I 3,6-di-F i 5-CH 3 -phenyl 
4-cyclopropyl-2-CI,5-F-phenyl 
4-cyclopropyl-2-CI,5-F-phenyl 
4-cyclopropyl-2-CI,5-F-phenyl 
4-cyclopropyl-2-CI,5-F-phenyl 
4-cyclopropyl-2-F,5-CI-phenyl 
3-cyclopropyl-2-F,4-CH 3) 6-CI-phenyl 
2-cyclopropyl-4-CI,6-F-phenyl 

8- CF 3 -4-quinolinyl 

7- CI ? 2-CF 3 -4rquinolinyl 
6-F,2-CF 3 -4-quinolinyl 

1-F,3-CI-2-naphthyl 

3-CI-2-naphthyl 
1-CI,6-F-2-naphthyl 
1-F,3-CI-2-naphthyl 
1-CI,3-F-2-naphthyl 
1,3-di-F-2-naphthyl 
1,3-di-F-2-naphthyl 
3-cyclopropyl-2-F,4-CH 3 ,6-CI-phenyl 
3-cyclopropyl-2-F,4-CH 3t 6-CI-phenyl 
4-cyc!opropyl-2-Cl l 3,5-di-F-phenyl 
4-cyclopropyl-2-CI,5-CH 3 -phenyl 
4-cycIopropyl-2-CI,5-CH 3 -phenyl 
4-cyclopropyl-2-CI,5-CH 3 -phenyl 



172-174°C 
180-182°C 
215-217X 
292-293X 
317-319°C 
231-233°C 
133-135°C 
183-185°C 
183-184°C 
152-153°C 
156-157°C 
163-164°C 
144-145°C 

118- 119°C 

119- 120°C 
141-143°C 
132-134°C 
112-114°C 
128-130°C 
152-153°C 
126-127°C 
124-125°C 
144-147°C 
130-132°C 
158-160°C 
221-222°C 
254-255°C 
158-160°C 
154-156°C 
176-178°C 
200-202°C 

132- 134°C 
154-156°C 
152-154°C 
117-119°C 
150-154°C 
139-140°C 
114-116°C 
139-140X 

133- 134X 
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(gn) 


cyclopropyl 


4-cyclopropyl-2-CI,5-CH 3 -phenyl 


85-90 C 


(gi) 


cyclopropyl 


4-cyclopropyl-2-F,3-CH 3l 6-CI-phenyl 


121-124°C 


(gj) 


CH 3 


4-cyclopropyl-2-CI,3,5-di-F-phenyl 


90-92°C 


(gk) 


CH3CH2 


4-cyclopropyl-2-C! l 3,5-di-F-phenyl 


116-117°C 


(gi) 


CI 


4-cyclopropyl-2-CI,3,5-di-F-phenyl 


64-65°C 



Example 5 

Carboxymethyl 2-(6-chloro-5-indanylamino)phenylacetate 

Similarly to procedure described in U.S. Patent No. 5,291,523, 2-(6-chloro-5- 
indanylamino)phenylacetic acid is converted to the sodium salt and reacted with benzyl 
2-bromoacetate to obtain benzyloxycarbonylmethyl 2-(6-chloro-5- 
indanylamino)phenylacetate which is hydrogenolyzed to carboxymethyl 2-(6-chloro-5- 
indanyIamino)phenylacetate, m.p. 97-1 00°C. 
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